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INTRODUCTION
The interest in the formation and reactions of the bicyclo[2.2«o}heK\
1
system has sharply risen in the last two years. A review of the litera'
prior to early 1966 has been comp_eted by C. E. Rieneke . Now 5 as then,
most of the published work deals only with the synthesis of the various
compounds, and only recently have i apers appeared which deal with rea
and solvolysis rates. Enough work has appeared though, to allow the com-
pounds to be listed according to their basic ring structure.
Bicyclo[2.2.0]hexane (I), the simplest possible compound of this ring
23
structure, was first prepared by Cremer and Srinivasan by the photolytic
elimination of carbon monoxide from bicyclo[3.2.o]heptan-2-one . Several
~0
43 95 99 1 04
other methods of preparation " have been used since then to pre-
pare this compound. Most recently Baldwin and Gano looked at the quanti-
tative mercury-sensitized gas phase photolysis of norcamphor. They found
that 1 was formed in only minor amounts; a result at variance with that
previously reported
The loss of water from cis- and t rans~4-tert -butylcyclohexanol in the
12
mass spectrometer was observed by Brion and Hall . They found ! '.it the
boat conformation of the trans -a! cohol was required in t h< formal Lon
H OH
97
In 1967, Srinivasan and Senntag reported on the photochlorination of
.1. Three of the four chlorinated products obtained were identified as
4-chlorocyclohexene, exo-2-chlorobicyclo[2.2.0]hexane (3), and 1-chloro-
bicyclo[2.2.0]hexane (4). The parent hydrocarbon 1 was produced by
+
•CI
CI
3 4
reduction of 3_ with sodium and n-bityl alcohol.
r -i 59Bicyclo|_2.2.0jhex-2=ene (6) was prepared by McDonald and Reineke ' by
oxidative bisdecarboxylaticn of bicyclo[2.2.o]hexane-2,3'-dicarboxylic acid
(5) with lead tetraacetate in pyridine.
CO ? H
C0 2H
//
McDonald and Reineke ' ' reported the synthesis and solvolysis of
exQ-bicyclpr 2 . 2 . 0"| hex-2-y 1 tosylate (7J>) . The exe-alcohol 7a was prepared
by hydroboration and subsequent oxidation of bicyclo[2.2.0]hex-2'='ene (6).
a, R=H
OR ^ R=TS
c 3 R=COCH3
7
—4 ="1 o
The aceto lysis rate constants for 7J2. were 1.92 £ 0.14 x 10 sec " at 90
and 4.24 ± 0.23 x 10~ sec" at 75°. The acetolysis products were composed
of 51% of 3-cyclohexenyl acecate (8
)
9 41% of exo~bicyclo[ 2.1.1] hex-2-yl
acetate (9.) , 5% of 2-cycl©hexenyI acecate (10,), and 3% of axo-bicyclo-
0Ac
^OAc OAc
8 9 10
[2.2.0]hex-2-yl acetate (2c)
.
The synthesis of bicyclo[2.2.0]hexan-2-one (l_i) and er.do -bicyclo-
[2.2.0]hexan-2-ol (1_2) were later reported by McDonald and Reineke '
tert-Butyl hypochlorite oxidation of 7_a at gave 1_1, which could not be
U £0
w
11 o
cQ.
OH
12
isolated, but was observed spectrally and reduced to 12, with sodium boro-
hydride. When the oxidation of 7_a was performed at room temperature,
5-hexencic acid and ejco-bicycio[2.2.o]hex-2-y:. 5-hexenoate (14.) were iso-
lated. The formation of 14 was explained by the spontaneous ring-cper.ir.g
of li_ to 4-butenylketene (13) which would be trapped by 7a. to give 1^.
11
13
-0 //
'/
/
\
55
In 1966, Luettke and Schabacker " report* i I esis of 1
dichLo?:cbicyclo[ ?. 2.0]hexa r^. ( lfi ) by -he pho
;
I
• iichloro-2,3-
diazobicyclo[ 2.2. 2]oc t -2- e ne ir p< ' i yclohexane.
CJ
cl-eN^Vc]
(
15
ac.
Scherer reported the synthesis of 4-chlorobicyclo[ 2 . 2 .0]hexane-l~
carboxylic acid ( 17a ) by the reaction of structure 1_6 with powdered sodium
hydroxide in tetrahydrofuran . They found that gentle work-up conditions
were essential if the acid was to be isolated in pure condition. It
appeared that 17a was less stable than 17b which was much less stable chan
1_ itself. Some solvolytic reactions of 17a have also been described
CI
a, R=H
b, R=CH
3
C0
2
R
17
Several tetrasubstituted bicyclohexanes have been recently prepared
Koltzenberg, Fuss, and Leitick found that acetylene in the presence of
benzophenone would react photolytically with maleic anhydride to produce
3-cyclobutene-cis -l , 2-dicarboxylic anhydride ( 18_ ) . This compound would
reach further with maleic anhydride to give 19 .
g $
,OW
% ° IT
o o
18 19
82
Scharf and Korta found that 2,3-dimethylbutadiene would react under
photolytic conditions with dichloromaleimide to produce a highly substi-
tuted bicyclohexane of structure 20 .
//
T N— H
zi^^{
Another photochemical react ic was used by Criegee and Zank to
prepare structure 22. 2,3-Diiodo-l 3 2,3,4-tetrameth>icyclobutene and
dibromomaleic anhydride were combined to give anhydride 21 , which when
allowed to react with sodium and methyl, alcohol gave 22^. Treatment o
compound with sodium bicarbonate, followed by iodine and potassium iodide I
water gave ester 23 .
wco 9 ctuBr
22 23
Oxidarion of cyclobutadieneiron tricarbonyl ( 24) with cei • n at
in the presence of dimethyl maleate produced dimethyl _ndc -bic vcic[2 »2.0]
-
108
hex-5-ene-2j3-dicarboxylate (25) . In i h e presence of dimethyl tumarare.
diester 26 was produced. rhe stru fcures oi these i - r - cs we-- i en b\
ozonolysis followed b> esterification to t.oduce t.h.^ corresponding l 9 2 9 3j4-
tetraja" borne thoxv \ Lobutanes*
Fe(CO).
Ik
C02CH3
C0
2
CH
3
I
C0
2
CH^
C0
2
CH 3
5
25 26
The photolysis rear Men of structure 22. was eported
No scrambling oi he deuterium was observed \ n I final \ rodi *
diphenylphenol; and for this reason L lowing pi m
; bicyc lohexene 28 as a possil • U it< .
D
D
28
The first unsubstituted bicyclo[2.2.0]hexa-2 9 5-Miiene (30) was pre-
1 04pared by van Tamelen and Pappas~ in 1963. The photolytic reaction oi
£is-l,2-dihydrophthaiic anhydride produced the photoanhydri.de 29 which was
decarboxylated to produce 30. The half life of 30 at room temperature was
found to be approximately two days.
U^i
105
b 22.
van Tamelen and Carty^ ' studied some nonaromatization reactions of
bicyclo[2.2.0]hexa-2 9 5-diene (30). They found that 30 would react with
m-chloroperbenzoie acid to give epoxide 31 > which after being heated at
115 5 isomerized to oxepin-benzene oxide (32) 9 and phenol 9 and would add
one mole of bromine to give a mixture of dibromides 33, and 34 in a ratio o.t
30 * L
31 32
30.70, respectively.
Br
Br
33
Recencly van Tamelen and Carry" " prepared the Eirst metal coordina-
tion complex of a "Dewar benzene''. The acid 35 was electrolytical i\ deiar
boxylated to produce 30., which was reacted further with bis (benzonirrile )-
palladium dichloride in methylene chloride to give structure 3_6.
L
C0
2
H
C0
2
H
30
35
To datej the most versatile method of preparing functionally sub- r i-
10 1
tuted "Dewar benzenes" is that devised by Watts 9 Fitzpatrick, and Pet*' r
Their procedure involves the decompos Lon — cyclobutadieneiron t v i:ar-
bonyl (24) with eerie ion in the presence oi an acetylene. A number of
substituted bicyclo[2.2.0]hexa-2 95-diene derivatives have beer.
reported"" 3 As an example where the • ene is dimethyl acetylene-
dicarboxylate diester 3_7 is produced.
C0
2CH3
24
C0
?
CH
3
C0 2CH3
( H3
25Criegee and Zanker report i thai d br< -d with
diazomethane and allowed to rea< w fch zJ would
produce diester 38 .
22
CO
is
115
Wilzback and Kaplan studied the photoisomerization of 1,2.,4-tri-
o
tert-butyl benzene using a light source of wavelength 2537 A. The three
major products were the "Dewar benzene" 39., the prismane 40, and 1,3,5-tri-
tert-butylbenzene. They found that on continued irradiation, 39 produced
40, and 40 yields 39 and the two benzenes.
39 40
A one-stage synthesis of hexamethyl "Dewar benzene" (41) was reported
8
1
by Schafer in 1966. 2-Butyne was allowed to react with aluminum chloride
in benzene to produce an intermediate cyclobutadienealuminum trichloride
complex that reacted further to give 41 .
A1C13
41
Both Haller " and Camaggi et al. have observed the vapor phase
photolysis of hexafluorobenzene and found that the product produced was
perfluoro "Dewar benzene" (42)
.
Br
Br
Br
Br
42 43 44
Camaggi, Gozzo, and Cavidalli~~ found that perfluoro 42 could be
catalytically reduced to 43 with palladium on carbon. They also found that
42 would add two moles of bromine to, give tetrabromide 44_.
19
The F magnetic resonance spectra of three diethoxytetraf luorobicyclo-
[2.2.0]hexa-2,5-dienes (45_ s 46_, 47 ) and the corresponding aromatic isomers
were reported by Cavalli . The chemical shifts and multiplet splittings
of the signals were correlated with the molecular structure.
F F F
OEt Et0^lL. 0Et F^7^0Et
45 46 47
.2,6Tricyclo[2.2.0.0 ' ]hexane (48) was prepared in 1964 from the mercury-
53
sensitized photolysis of nortricyclanone
£§
48
The only functionally substituted compounds of this tricyclic ring
structure were reported by Meinwald and Crandall ' in 1966. Methyl tri-
9 ft
cyclo[2. 2.0.0 s ]hexane-l-carboxyIate (5j0) was prepared by base treatment
of tosyloxy ester 49_. Catalytic hydrogenat ion of the tricyclic acid cor-
responding to 50 ga/e rise to a single., liquid acid identified as c\clo-
pentylacetic acid.
TsO
C0
2
CH
3
C0
2
CH
3 C0 2 CH3
49 50
The only parent compound of a series not yet reported is tetracyclo-
9ft o c
[2.2.0.0 .0 ]hexane (51_), although some substituted derivatives ot it.
have been made. Both Lemal and Schaefer have li oked at the photo i\
10
reaction of hexamethyl "Dewar benzene" (41). Hexamethyiprismane (52) and
hexamethylbenzene were the only produces observed. The prismane 52 on
further irradiation gave 4_1 and the benzene derivative as products.
51 52
26
Early in 1966, Criegee and Askani reported on the highly substituted
prismane 54. Reaction of diester 38 with methylmagnesium iodide produced
dialcohol 53. This compound produced structure 54 under photolysis condi-
tions in ether.
OH
53 54
OH
Several examples of larger ring systems incorporating the bicyclo-
[2.2.0]hexane frame-work have recently appeared. The simplest tricyclo-
96
octane was prepared by Srinivasan and Hill by the irradiation of a
solution of cyclobutene in acetone. The only hydrocarbon product was
r 2 5-nidentified as anti -trieyclol 4.2.0.0 Joctane (55.).
55 56 57
108
Watts s Fitzpatrick 3 and Pettit observed the decomposition of cyclo-
butadieneiron tricarbonyl (24) in the absence of trapping agents and found
2,5-
a 5.1 mixture of syn- (56) and anti-trieye.Io[4. 2.0.0 s ]octa-3-,7-diene (57 )
.
Mano et al. found that pyrolysis at 160 of perchloro(3 94-dimethylene-
cyclobutene) affords perchIoro-(3
s
4
r
.7 3 8~tetramethylene)tricyclo[4. 2.0 .0" ]-
11
octane (58). This compound was reduced in acetic acid by heating with zinc
powder to give structure 59 which was further reduced no the tetramethyl
4]derivative 60 by hydrogenation over pa_iadium-charccal. Furuske et al.
found that the stereochemical configuration of 56 was exclusively of the
anti form. Structure 60 was cleaved by ozone in methanol-carbon tetrachlo-
ride to diketone 6_1. However 9 the second double bond strongly resisted
further ozcnolysis.
CCi
CI CCI,
CI CCI,
CHC1
CI KV**CHC1
60 61
The photochemical 1,3-cycloaddition of cis—cvclooctene to benzene was
13
reported in earl> ^.966 . A miner component :f the product mixture was
ident ified as 62.
CH
3 2
C
CH3 2 C
C0
2
CH3
C0 2 CH3
62 63
89
S hroeder and Marrin
, while Ln >* G rigat ing t.ht structure i
'
I • raene dime*- ot me ting point 52 , found tha Lt NOUld aecei. I ;wo
mo 1< dimeth>i ace' gj
A mixture of four isomeric trieve
' sot * anes whs obtained when cvclo-
propene 6^ was allowed to reac' with n.-butyll ether at -20°"' . A
12
chlorocyclobutadiene was proposed as a reaction intermediate. Definite
assignments of structure could not be made, but compounds 65_, 66_, and 67.
are three of the possible products formed.
CI CI CICHC1.
A ci
64 65 66
Cl _ Cl
67
98
Stedman, Miller, and Hoover reported that irradiation of diene 68_ in
acetone solution afforded an 82% yield of caged product 69. Treatment of
this compound with sulfuric acid gave the corresponding ketone which was
refluxed in toluene over solid sodium hydroxide to give a 65% yield of acid
0.
Cl
,0
vbc^
Cl
69
34
Cubane (74) was first reported in 1964 by Eaton and Cole . Since
that time only one other synthesis of this ring system has been published.
Barborak, Watts, and Pettit found that decomposition of cyclobutadieneiron
tricarbonyl (24) in the presence of 2, 5-dibromobenzoquinone yielded the
Diels-Alder adduct 71 . Irradiation of this compound in benzene afforded
the colorless isomer 72, which was treated with aqueous potassium hydroxide
at 100 to give cubane-1 , 3-dicarboxylic acid (7_3 ) . Convincing proof of the
structure of 73 was established through its decarboxylation to cubane (74)
by thermal degradation of the di-tert-butyl perester.
13
Br Br
*ff
H02C
i=7l\
7co
2
h
Br
II 21
74
33
Dunn, DiPasquo, and Hoover reported the Diels-Alder reaction between
cyclopentadiene and 2-bromocycIopenvadienone. to give adduct 2£, which was
cyclized photochemically . The intermediate pentacyclodecanone 76_ was con-
verted to homocubyl derivative 77a by a Favorskii ring contraction. The
carboxyl group of 77a was eliminated by a modified Hunsdiecker reaction,
and the product was dehalogenated to give the hydrocarbon, pentacyclo-
[4.3.0.0 2 ' 3 .03 ' 8 .0 ' 7 ]nonane (77b )
.
Br
21
A
m)
7?
a, X=CO H
b, X=H
Recently the degenerate 9—homocubyl c^ion ha- be- gated b>
R 88 8
two sets of workers ' . The synthesis reported tv Barborak and Pettit is
the simpler of the two. Oxidative decomposition cf ( >u' adieneiro r tri-
carbonyl ( 2A) with lead tetraa tat< in pyr_dir>e io the presence of cyclo-
adienone diethyl kttal a^fcrded alducr 78_. Hyd' )J this compound
followed by reduction with sodium bcroryd ride gave predon 'y the
alcohol 7_9. Irradiatioi ubanol 80a.
88
Schleyer had reported that Lh( ra I ; .;'_ wai . • ! ^.09
-4 o
x 10 sec il 100 , and thai ys Ln u"bi nnic at Ld it
14
reflux allowed complete degeneracy of the 9-homocubyl cation to be achieved
OEt
If
/
78 79 80 a, R=0H
b, R=OTs
Nonachloropentacyclo[4. 3 . .0 ' .0 .0 ' ] nonane-4-carboxylic acid
( 82a ) may be prepared in 80-90% yield by the Favorskii rearrangement of
decachloropentacyclo[5.3 .0 .0 ' .0 ' .0 ' ]decan-10-one (81_) . A series of
compounds with structure 82 was prepared, including the amine 82b . This
compound's most striking property is its great sensitivity to base. It is
destroyed almost instantly by 0.01 N hydroxide ion in homogenous solution.
It was also reported that 82b was deaminated smoothly and rapidly by treat-
ment with nitrous acid or nitrosyl chloride near room temperature, but the
products obtained were those expected from attack of an intermediate
bridge-head radical on the solvent or reagent
\r-ycl™
/
\T35
0v
y-
CI,//^Q
7
81
x
R a, R=C02H
82 b, R=NH
2
Both the saturated (86) and unsaturated (85) 1 , 1" -bishomocubyl systems
OQ Q"7 CO OO
have been prepared by several workers ' ' ' . The method used by Dauben
28
and Whalen involved the acetone photosensitized reaction of diester 83 to
give the photocyclic isomer 84. Hydrolysis of this compound with potassium
hydroxide in methanol yielded the trans -photodiacid which was bisdecarbox-
ylated to give pentacyclo[4.4.0 .0 ' .0 ' .0 ' ]dec-9-ene (85.). Hydrogenation
15
of olefin 85 with prereduced platinum oxide yielded the parent saturated
hydrocarbon 86. Hydroboration of olefin 85 yielded alcohol 87a , which was
oxidized by the Jones procedure to ketone 88a . Selenium dioxide oxidation
of this ketone yielded the diketone 88_b, which was converted to the diazo-
ketone 88c via the monotosylhydraione. Irradiation of 88c in aqueous
tetrahydrofuran gave the ring contracted homocubanecarboxylic acid 80c .
EZA /£.
C0 ?CH3
/_
83 C02CH3
80 c, R=C0
2
H
\V-C0
2
CH3
^ C0 2CH3
v>
85 \
/ny\
^> /
88 a, R=H
2
b R=0
c, R=N.
4=71
86
\1
°R
a, R=H
b, R=Ms
18Chin, Cuts, and Masamune started with bishomocubyl olefin 85_ and
oxidized it to dialcohol 39. This compound was oxidized further to diacid
9_0j converted to the corresponding dies:''1' and reacted with methylsulfinyl
carbanion r o give ketone 9.1.
/CZ7I
85
/^7
\V\ OH
V.
OH
««. CO^H
C0
2
H
89 Ol)
CH
3 2
C
91
>\
The solve 1 ,1- -bishomocubyl sysrem 87_b I • ered acetic
acid yielded a mixture of acetates wl ^ois hydrolyzed . The mix of
alcohols was found to possess tl< o] V ton: }, gjg
16
(14%), 93a + 93b (18%), 94 (2%), and 95 (56%). The fact that the major
solvolysis alcohol 95. possesses the more hindered endo configuration indi-
cates that the course of the reaction does not proceed entirely through
classical intermediates in which the attack of solvent from the less
hindered side would lead to the exo isomer of 95.
OH
92
Hydride reduction of homocubanecarboxylic acid 80c afforded 96a , and
its p_-toluenesulfonate 96b was solve iyzed in buffered acetic acid. The
resulting acetates were hydrolyzed and the mixture of alcohols had the fol-
lowing composition; 96a (52%), 92 (.10%), 93a + 93b (15%), 94 (trace), and
95 (23%). The general pattern of the reaction of 9_6_b is similar to that
A.
V- U^
95
CH OR
96 a, R=H
b , R=Ts
found for 87b, except that the major solvolysis product resulted from dis-
placement without rearrangement.
4
Baggiolini et al. observed the photochemical reaction of dikerone 97 <
Two products were formed with cage structure 9_8 being the major product .
17
98
The synthesis and solvolysis cf the syn- and anti -alcohol 93a and 93b
32
were reported by Dilling and Reineke ' in 1967. The syn-alcchol 93a was
prepared by the acetone photosensitized ring closure of endo
.
syn-tricyclo-
[5.2.1.0 ' ]deca-3,8-die:i-2-ol (99a). The tosylates 93_c and 93d were
prepared and solvclyzed in unbuffered acetic acid. The race data obtained
OAc
A
j-
*>
7
99 a, X=0H
b, Y=0H
93 c X=-OTs
d Y=OTs
e Y^OAc
100
at 120° was 2.8^ + 0.12 x 10 se for 93c and A. 90 ± 0.22 x 10 ' sec l
for 93d . The major produr : aceta <^ c
.
(3.3e and 100 were rationalized as
arising via L,2-alkyl shifts a^d b\ Bubsti ' I entic^ cf con-
figuration.
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OBJECTIVES OF THIS INVESTIGATION
The objectives of this investigation are;
1. To synthesize endo~bicyclo[2.2.0]hex-2-yl acetate and certain of
its precursors.
2. To study the effect of ring strain on the reactions of some simply
substituted bicycle!^. 2.Ojhexanes.
19
DISCUSSION OF EXPERIMENTAL RESULTS
At the time this work began, no simply substituted endo -bicvclor 2. 2.0]-
hexane derivatives had been reported. Therefore , a study was initiated to
find a synthetic method which was applicable to preparative work in this
area. A convenient starting material was judged to be c_is-3,4-dichloro-
cyclobutene (.101.), and synthesis by a known sequence of reactions made this
i
compound easily available". The free radical chlorination of cycloocta-
tetraene produces a mixture of cis - and trans-7 ,8-dichlorobicyclo[4. 2.0}-
octa-2 5 4-diene, with the ci s isomer present in a ratio of approximately
4:1 over the trans . Diels -Alder reaction of this mixture with dimethyl
CH
3 2
C
CH
3 2
C
CI
CI
102
CI
CI
101
C0
2
CH3
C0 2CH3
a'.e r ylenedicarboxylate followed by a retro-Diets A^er reaction produces a
mix'.iiie of cyciobt^ene iQl and raj B , t rans -1 ^4 -dichiorobutadiene ' 102 ) .
The butadiene 102 arises :.rcm ring opening of i he trans- chlorinated produc:
<)i ' rig pyroiysis
It wd£ considered that a eye lo addition reaction between lO.i and a
ketene might provide entry into the bicyc loT 2.2 .o]hexane system^ Stevens
and co-workers had reported the . y cl o addition reacici of eye
20
with dichloroketene at. gave the unsaturated bicycloketone 103 in 70%
yield.
.0
I
^ CI
CI
103
The analogous reaction with cyclobutene 101 was attempted under various
conditions and relative concentrations, but none of the anticipated bicyclic
ketone was obtained. In all cases the starting cyclobutene was recovered
along with a polymeric material attributed to the dichloroketene. In these
CI
CI
X CI
CI CI
101
CI
attempts the dichloroketene was prepared iji situ . A method is available
for isolating the ketene in a hydrocarbon solvent where it is stable for
approximately a week at 5° . It might be profitable to continue this
attempt using isolated dichloroketene. If the reaction did go, it is
doubtful if the desired product could be isolated, due to the facile rear-
rangement of bicyclo[ 2 . 2 .0]hexan-2-one
The above reaction was not investigated further, and attention was
turned to the use of cyclobutadiene . Early in 1965, Pettit and co-workers
published the synthesis of cyclobutadieneiron tricarbonyl (24) from cis -
3 ,4-dichlorocyclobutene ( 101 ) . The reported conditions were to allow 101
and an excess of diiron enneacarbonyl in pentane to react for 2 hours at
30 , resulting in a 40% yield of complex 24. In our hands, none of the
desired complex 24 could be obtained using these conditions. The starring
36
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cyclobutene was always recovered along with 60% of the initial enneacar-
bonyl. This loss of enneacarbonyl was attributed to the formation of a
complex with the cyclobutene which decomposed on removal of the solvent.
The infrared spectrum of the crude reaction mixture gave absorptions at
4.94 and 5.10 ^j plus all the correct absorptions for 101 . Removal of the
solvent left only the peaks of 101 . Alkeneiron carbonyl complexes are
known and are found to be unstable toward temperature, moisture 5 and
69
oxvgen
It was then decided to try and force the reaction by employing con-
24ditions similar tc tbc c e Criegee and Schroder used in 1959 to prepare
tetramethylcyclobutadienenickel dtchlcride ( 104 ) from t etramethyldichloro-
cyclobutene and nickel tetrararbonyl. These conditions called for a much
higher bath temperature (60 ) a^d a icnger reaction time (50 hrs.) under a
47 JJIFe 2 (CO) 9*
—
^
CI Fe(C0)
3
Ni(Cl)
2
101 24 104
"i'rogen atmosphere. Using these conditions a 10% yield of 24 was obtained,
From this starting point and adjusting to optimum condi is, a consistent
48% yield of complex 24 with to recoverable starring materials was real -
ized. The use of less f ha r a 43% excess of diiron enn a arbonyl results in
a lower yield of complex 24 and * hi re overy of some u ed cyclobutene
101 .
The complexed c.yclobut advene 24_ ha<- been shown to be &XOI
sense that it undergoes e lee t rophilic substitution reactions to yield a
38
B< ' ies of new eye lobutadiene complexes . I 1 actions find a
i
i<i.
I with the well-know substitution reac t Lena oj I- 'ocene.
22
The first experiment, which claimed to provide an answer to the ques- '
tion of the electronic structure of cyclobutadiene involved the reaction of
3,4-dichlorotetramethylcyclobutene with sodium-potassium vapors at 250 .
On the basis of the nature of the. organic products produced in this reac-
93
tion, Skell and Peterson deduced that cyclobutadiene possessed a triplet
ground state ( 105 ) , a result which was in accord with the prediction from
earlier theory . However, this conclusion can be questioned on the
•t
•t
-CH— CHC0 2CH3
#
C02CH3
105 106 107
grounds of the nature of the experimental conditions employed in the reac-
tion; for example., if free tetramethylcyclobutadiene is involved , then
reaction via thermally produced triplet excited species is readily con-
ceivable
C02 CH3
C0
2
CH3
C02CH3C02CH3
25 26
1 OH
Watts., Fitzpatrick, and Pettit decomposed complex 24 in the presence
of dimethyl maleate to obtain cis-diester 25, and in the presence of
dimethyl fumarate to obtain crans-diester 26. The stereochemistry of the
adducts 25 and 26_ are just those one would expect if cyclobutadiene were to
act as a singlet diene ( 106 ) in the normal Diels-Alder reaction. Stereo-
specific addition would not be expected to occur if cyclobutadiene was a
triplet. In such an event the addition to both dimethyl maleate and
dimethyl fumarate should be a two-step process involving the common triplet
23
108
species 107 . Following the work of Pe::i: , the self-consistent field
molecular orbital calculacions for cyclobutadiene were done by Dewar and
31Gieicher . Their results also suggest: that the ground state of cycio-
butadiene is a singlet (10.6 ) rather than a triplet ( 105 ) . An experiment
has been done showing that free cyciobutadiene is liberated from the decom-
position of complex 24
Another method of preparing cyclobutadieneiron tricarbonyl (24.) was
investigated prior to duplicating the conditions of Criegee. It is known
that halogens facilitate :he partial decomposition of diij:on enneacarbonyl
with formation of a omplex with the formula Fe (CO) X • where X can be
46 ^6
chlorine, brominej or Iodine . As demonstrated by Hieber , this complex
can act as a halogenating agent. Formation of this complex and reaction
with cis—3«4-dichlorocvclobutene ( .101.) produced a product mixture that
could nor be separated by column chromatography on alumina or thin-layer
chromatography on silica gel. The products identified from vapor phase
r 2 5-ianalysis (g.c.) we r <- svn (56) and anti—tricvclol 4.2.0.0 ' Jocta—3,7-diene
(57) i presen' in th< ratio of 2:3. These products were not present before
CI
+ Fe
2
(CO)
y
l4 *
•- CI
* y/r
v-
101 56 5 7
g.c. c< i tion as shown by infrared pi tral < aparie - . ttu process b\
1' th< dimers of eye .'obi: - idien rmed is no1 known
s
but it Lc
I OS
issumed the Er clobutadiene was in I d. Petti t et i : . ind
l1 Liberation of free cyclol lien*
I I in a svn
--t ill i ratio of ap] cimatel}
, :escu and i
24
cyclobutene 101 reacted with sodium amalgam to give free cyclobutadiene
which dimerized to s_y_n isomer 56 . Reaction of 101 with lithium produced a
step-wise dimerization to give anti isomer 57 .
CI CI
Li
±£i Na(Hg)
57
56
After preparing dimethyl bicyc!o[ 2.2.0]hexa"2 9 5-diene-2;,3-dicarboxylate
(37) for comparison with that prepared by Watts 9 Fitzpatrick and Pet tit ,
the possibility of cyclobutadiene reacting with certain monosubstituted
olefins was investigated . The ones considered were: vinyl acetate,
2-butenone 9 and methyl acrylate. Each olefin was subjected to the reaction
conditions because of the well known ability of eerie ion to oxidize a wide
73
variety of organic compounds
It was found that 2-butenone was unstable in the presence of eerie ion
and was immediately oxidized to a polymeric material. Vinyl acetate.,
although the most stable of these olefinic compounds to eerie ion 2 would
not react with the cyclobutadiene. In all attempts., the reaction mixture
on .arc 1: phase chromatography yielded only unreacted vinyl acetate and a
polymeric material. Nc reason can be given for the failure of this reac-
' Lon, An answer will not be possible until more dienophiles have been
allowed to react with cyclobutadiene.
Methyl acrylate was intermediate between 2-butenone and vinyl acetate
in Its stability toward Lon. ( /clobutadiene reacted with methyl
25
aery late to produce a mix:u:e of produces., which en column chromatography
yielded a material in 3% yield with n.m.r. absorptions consistent with the
methyl endo-bicyclcfz. 2 .o]hex-5~ene-2-carboxylate ( 108 ) structure. The
24 + CH
2
=CHC0
2
CH
3
108
C°2CH3
analogy with other Diels-Alder reactions and the work of Pettit and
co-workers in the reaction of cyc.cbutadiene with dimethyl maleate giv-
ing exclusively endc Isomer 2_5 lend further strength to this assignment.
endo-Ester 108 was catalytically reduced in 50% >ield to a mixture of three
products. No conclusi/e spectral da* a could be obtained on the reaction
product. This procedure .vas then discontinued as a means cf getting into
the bicyclo[2.2.0]hexy 1 system due to the extremely lev yield of the Diels-
Alder reaction and the Inconclusive information from the reduction.
Attention then turned to the use of acetyleric compounds for reaction
I
0*7
with cyclobutadiene . Pettit and co-workei had retorted the successful
use of several monosubstitated acetylenic compounds. Not mentioned among
the list was 2-butynone ( 109 ) . judged to be the bes r compound for gaining
quick entr> into the simply substituted gndo-bicj ioF2.2.0]hexanes
.
Although several procedures .are available for prepa:i ng substituted ace:\-
5? 67 -96
lenic methyl ketones " , no good method is available for preparing
the parent compound. Tre procedure decided upon produced the desired
ketone in 9% yield
H-CeC-H E'MeBr * H-C=C-MgBr H-C£C-C0CH
109
26
Reaction of 2-butynone ( 109 ) with cyclobutadieneiron tricarbonyl (24)
and eerie ion resulted in the formation of bicyclo[2.2.0}hexa-2,5-dien-2-yl
methyl ketone ( 110 ) and aromatic isomer 111 in 27% yield. The n.m.r.
spectrum (page 59) of 110 showed absorptions similar to those reported for
rxVcc
24 + HC5CC0CH
3
me
109 110 111
thyl bicyclo[2.2.0]hexa-2,5-dIerie-2-carboxylate. ( 114 ) . Injection into
a g.c. at a detector temperature of 304 resulted in quantitative isomeriza-
tion of 110 to the aromatic isomer 111 . No other detector temperatures
were investigated. Three attempts at diimide reduction of structure 110 to
the saturated endo-bievclor2.2.0lhex-2~yl methyl ketone (112) met with com-
plete failure . In each case, g.c. analysis of the product mixture
showed thirteen components to be present. The only identifiable compound
was acetophenone (111) which had been present in the synthesis of 110 .
This reaction was not investigated further and, therefore, no information
is available as to what caused the decomposition of diene 110, or the nature
of the other twelve products.
H
COCH3
110 112
107
Watts, Fitzpatrick, and Petcit had reported the preparation of
methyl bicyclof^. 2.0]hexa-2,5-diene-2-carboxylate (114) from the reaction
of cyclobutadiene with methyl propiolate ( 113 ) . Duplication of this
27
24 + H-C=C-CO CH
3
113
Kl •o
C02CH3
114 115
C0
2
CH
3
reaction resulted in a 63% yield of dier.e 114 and methyl benzcate ( 115 )
.
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The n.m.r. spectrum (cage 59) of ester 1_1_4 agreed with that reported
Injection into a g.t. ac a detector temperature of 304" (the only
LLi
C0
2
CH
3
114 116
C0
2
CH3
temperature investigated) resulted In quantitative isomerization of "Dewar
benzene" 114 to the aromatic isomer „ ._ '
_,
a; did attempted catalytic bydro-
ge^arion over platinum. This same result was obtained by iran Tamelen and
Pappas ' in the attempted redi stion of bicyclo[2
.
2.0]"be*a-2, 5-diene (30).
These authors did find r ba - diimidc
,
generated from the diootassium salt of
azodicarboxylie a Ld , would reduce 30 *o bicyclo[2.2.0}hexane.
Applying this method 114 gave a prod n 93% yield whi
was assigned structure 116 . T|~> d for thi 3 • ba=ed en :he
n.m.r. gra the amc . - of dien< \- \ res< react '.or mix-
This result should b^ good tc a* Leasl T . The meth\l
endo-bi
; ir2.2.0]hexane-2 ' k; i C I 16 ) ! le assigned to
thii m e en the ba c-c b< t.m.r. sp I urn (j 61) and an to
(j - a di .due tions of othi LeJ ' '
liic 1 1 age 29 ) o' • " • endo - .
.
. 1,. .
• n ethei-- d1, >4 and the 101
28
at m/e 81 corresponding to C,H + .
The stability of methyl endo-bicyclo[2. 2.0jhexane~2-carboxylace ( 116 )
toward acid and base equilibration was investigated. No epimerization
occurred with the use of sodium metal in anhydrous methanol. The major
product isolated from the reaction was endo_-bicyclo[ 2.2.0 ]hexane-2-carbox-
ylic acid ( 129 ) which was reesterified with diazomethane to 116 . It is not
known whether the saponification took place during the reaction or during
the work-up which followed. The same results were obtained in two separate
attempts. The minor product isolated in each case was unchanged ester 116 .
The product isolated after acid equilibration of 116 was found to
differ from the starting ester by infrared (page 49) and n.m.r. (page 61)
spectra. G.c. analysis of the product showed that it had the same reten-
tion time as the starting material. The n m.r. spectrum suggested that the
bicyclo[2. 2.0]hexyl system was still present and for this reason the com-
pound was assigned the structure methyl exo-bicyclo[ 2. 2.0]hexane-2-carbox-
ylate ( 117 ) . The extent of epimerization is unknown since the spectra are
so near alike, and both compounds have the same g.c. retention time..
Dreiding molecular models suggest that the endo 2-substituted isomers
of the bicyclo[2 .2.0]hexyl system are much more sterically hindered than
the analogous exo isomers. It is not surprising, then, to find that endo
C0
2
GH3
C02CH3
116 117
isomer 116 will epimerize to exo-ester 117 . It has been previously
observed that exo-bicyclo[2 . 2.0]hexan-2-oi (7a) would not equilibrate
100
-i
25
ilLjil U,
Cb
100
m/e
H
C0 o Et
' i
Mass spectrum of ethyl endo_-bicyclo[ 2. 2.0]hexane-
2-carboxylate.
to the endo isomer (12)
29
155
OH
7a
¥r
OH
12
Reaction of methylsulfinyl carbanion with ester 116 was considered the
shortest possible route to ketone 112 . The reaction conditions were worked
out, as previously described, with ethyl cyclohexanecarboxylate tllfl) to
22yield acet.y lcyclohexane ( 119 ) . To complete the sequence of reactions,
114ketone 119 was treated with both m-chloroperbenzoic acid and peraci". i «.-
30
COCH.
?
SOCH
3
-a
COCH^
118 U9
acid to produce cyclohexyl acetate (.120). The reaction with m-chloroper-
benzoic acid was 83% complete after two days and work-up yielded only
acetate 120 . After two days the peracetic acid reaction was 45% complete,
and after 10 days, 83% complete. Work-up yielded a mixture of 119 and 120 .
Since the m-chloroperbenzoic acid was much faster and gave a cleaner reac-
tion, it was chosen for use with bieyclo[2. 2„0]hex-2-yl methyl ketone.
COCH^ QOAc
119 120
The reaction of methylsulfinyl carbanion with crude methyl endo -
bicyclo[2. 2.0]hexane-2-earboxyla:e ( 116.), which contained some methyl
benzoate ( 115 ) , yielded a mixture of two adducts. A white solid removed
from the mixture was identified as iAt-(methylsulfinyl)acetophenone ( 121 ) b>
COCH S0CH3
121
its n.tQ.r. spectrum. This compound had been previously prepared by Co v ey
22
and Chaykovsky
. The remaining yellow oil was reduced to a mixture of
ketones with aluminum amalgam. This mixture of ketones could not be
separated by g„c, but the n.m.r. spectrum (page 63) integrated for a
ratio of 38*62. This mixture was later identified as endo- (112) and
31
C0
2
CH3 COCH 9 SOCH3
H
:och-
COCH^
H
116 122 112 123
exo-bicyclo[2. 2.0]hex-2-yl methyl ketone ( 123 ) . The n.m.r. spectrum (page
61) of adduct 122 (n.m.r. spectrum of 121 subtracted from that of the mix-
ture of 121 and 122 ) suggests only the presence of one compound. If this
adduct were to isomerize to the exo isomer, it would have to go through a
dianion., a situation that is not likely co occur under the reaction condi-
tions. It is assumed, then, that the mixture of isomeric ketones arose
during the reduction step. Ketone 112 could react with the aluminum
hydroxide present to form a complex which would isomerize to the less
sterically hindered isomer 123 .
112
-A1-0-C-CH-:
+
123
W
-A1-0-C-CH-
The mixture of ketones 112 and 123 was allowed to react with
m-chloroperbenzoic acid for rhree days-. The reaction mixture showed two
major peaks by g.c. The major peak was identified " as exo-bicyclo[2. 2. Oj
-
hex-2-yl acetate (,7c_) and che minor one as a mixture of c is -hicy-cloT 3 . I 0]
hex-2-yl acetate ( 124 ) , 3-cyclohexenyl acetate (8), and the starting ketone
mixture. The percentage of each product present wu- determined by a
-T^.
L12 * .23
AcO OAc
_
124
32
combination of n.m.r. spectral and g.c. integrations. The product mixture
contained 91% of 2c, 9% of 124, and less than 1% of 8. The identification
of products and a possible mechanism for their formation will be discussed
later.
Since no endo-bicyclo[2. 2.0]hex--2-yl acetate had been formed in the
above mentioned reaction, the. classical method of converting an ester to a
114ketone was investigated. Wiberg and Hess ' had performed a similar con-
version on the 6-substituted bicyclo[3 . 1.0]heptane system and had experi-
enced relatively little epimerization. Formation of acid 125 from the
analogous methyl ester, and its conversion to acid chloride 126 proceeded
without any detectable isomerization. Conversion to ketones 127 and 128
128
followed by Baeyer-Villiger oxidation to the corresponding esters gave an
80:20, endo : exo isomer ratio.
The conditions for this conversion were developed using cyclohexane-
carboxylic acid. This acid was converted to cyclohexanecarbonyl chloride,
and reaction with dimethyl cadmium gave acetylcyclohexane ( 119 ) in good
yield. Using this same set of reaction conditions, methyl endo-bicyclo-
[2. 2„0]hexane-2-carboxylate ( 116 ) was saponified to acid 129 . A small
portion of this acid was reesterified with diazomethane and the resulting
product was identical with 116 . Acid 129 was converted to acid chloride
130 , and hydrolysis gave a product which was identical with the starting
material. The reaction of acid chloride 130 with dimethyl cadmium produced
33
a mixture of ketones in low yield. The products were identified by
KOH
H CH2 N 2
C0 2CH3
H
C0 2H
soci 2
<
Hyd. H
C0C1
116 129 130
comparison with the mixture previously formed, as the endo - and exo -
ketone, 112 and 123 , in a ratio of 71:29, respectively. As before, this
product mixture could not be separated by g.c. Since this reaction sequence
H
C0C1
H
OCH,
COCH^
130 112 123
is known to be relatively stereospecif ic , it can be assumed that the
isomer in greater concentration is the endo isomer 112 . This isomer was
the one of less concentration in the reaction sequence using methy lsulfiny
1
carbanion
.
The reason that a mixture of isomers was found in this reaction
sequence is probably due, in large part, to the presence of magnesium
salts, which were not removed from the dimethyl cadmium. These magnesium
salts could complex with the endo-ketone and allow isomerizat ion to the
more stable exo product, much in the manner previously described for the
formation of this ketone mixture using methylsulf iny 1 carbanion. lr would
be of interest to see what effect pure dimethyl cadmium would have on the
endu : i xo isomer rati
Ketones 112 and 123 were allowed to react with m-chloroperbenzoic a,
for three days to produce a product mixture that showed two major peaks on
34
g.c. These peaks were separated and the first fraction was identified as a
mixture of endo- ( 131 ) and exo-bicyclo[2. 2.0]hex-2-'yl acetate (7c), The
second fraction was a mixture of c_is-bicyclo[3 . 1 .0]hex-2-yl acetate ( 124 )
and 3-cyclohexenyl acetate (8_) . No starting ketones could be detected.
The mixture of products contained 42% of 131 , 35% of 7_c, 17% of 124, and 6%
of 8, The percentage of each compound present was determined by a
H
AcO
AcO AcO
^^OAc
131 Zc 124
combination of n.m.r, spectral and g»c. integrations. No further separa-
tion of the products was possible. As had been previously found for some
other bicyclic systems :l , none of the endo , exo isomer mixtures could
be separated in this investigation.
The first fraction above, containing the 54:46 ratio of 131 and 7c ,
was stored at -26 for 21 days in carbon tetrachloride. At the end of this
period the product distribution, by n.m.r, spectral integration, had
changed to 22% of 13_1, 46% of 7c, 25% of 124, and 7% of 8. After being
H
OAc
AcO
OAc
131 124 8
stored another 25 days in methylene chloride, the above product distribution
had changed further to 14% of 131 , 46% of 7c, 31% of 124, and 9% of 8,
This product distribution and the stability of the products to the reaction
conditions will be discussed later.
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The rearrangement of a highly reactive compound in a nonpolar solvent
9 9
has been previously observed . Ely et al. found that olefin 132 would
rearrange rapidly at 33 to a mixture of 133 and 134 which in turn is con-
verted more slowly to 133 . The rearrangement took place in unbuffered
carbon tetrachloride , but not in buffered solution.
OBs
,OBs / l>^
132 133 134
The proof of structure of the products obtained from the rearrangement
was provided by synthesizing the compounds independently by a known set of
reactions. 3-Chlorocyclopentene ( 135 ) was prepared from cyclopentadiene,
and hydrolyzed to the corresponding alcohol ( 136 ) . Simmons-Smith reac-
tion of alcohol 136 yielded cis-bicyclo[3. 1 .0]hexan-2-ol (137) plus 6% of
21 91 393-cyclohexenol ( 138 ) ' . The acetates prepared from these alcohols
were found by comparison of their n.m.r. spectra to be identical with the
products, 124 and 8 from the rearrangement ofL 1 11
.
CI OH
135 136 ill
30
138
Oxidation of alcohol 137 to bicyc.lo[3 . 1 .0]hexan-2-one ( 139 ) followed
by Meerwein-Ponndorf reduction gave a mixture of two alcohols. The
product consisted of an 88:12 ratio of trans - and cis.-bicyclo[3 . 1 .0]hexan-
2-ol ( 140a and 137 ) , respectively. Similar reduction conditions, but
44longer reaction time, provided Hanack and Allmendinger with a 62:38 i
36
of isomers 140a and 137 . The longer reaction time produced the smaller
amount of 140a since the thermodynamically controlled product has been
21
shown to be 137 . The acetate ( 140b ) prepared from 140a was found to be
different from any of the rearrangement products.
ill >
139 140 a, R=H 13_Z
b, R=Ac
The stability of the individual, products to the m-chlorobenzoic acid
produced in the Baeyer-Villiger reaction was next considered. It was found
that 1.24 , 8, and 140b were all unchanged after three days exposure to the
reaction conditions. exo_-BicycIo[2.2.0]hex-2-yl acetate (7_c) has been pre-
6
1
viously shown to be stable under acetolysis conditions and was also con-
sidered stable to these reaction conditions. Therefore, the products had
to arise directly from rearrangement of endo_-bicyclo[2. 2.0]hex-2-yl acetate
( 131 ) and not from any of the other possible products rearranging further
under the reaction conditions.
The solvo lysis of cis - and trans-bicyclo[3 . 1 . 0]hex~2-y 1 tosylate has
not been reported, but several reactions which generate the 2-carbonium ion
39have been performed. Freeman, Grostic, and Raymond added methanol,
catalyzed by p_-toluenesulfonic acid, to bicyclo[3 . 1 .0]hex-2-ene ( 141 ) and
obtained three products identified as 32% of che cis isomer 142a, 53% of
the trans isomer 143a , and 15% of i44a . When hydrochloric acid was added
37
141 142 a
; X-OCH3 143 144
b, X=C1
to 141, the product distribution was 31% of 142b , 66% of 143b , and 3% of
144b ' . These authors decided ::hat the 2-bicyclo[3 . 1 „0]hexyl carbonium
ion is similar to other substituted cyclopropylcarbinyl carbonium ions
which do not rearrange under conditions of kinetic control. The greater
stability of the 2-carbonium ion ma> be rationalized as the result of
electron derealization from the cyclopropane ring to the electron defi-
cient C-2 as in 145 .
6
H
2
N
H2N
145 146 147
21Corey and Dawson found a similar situation when they examined the
deamination of either cis - ( 146 ) or t_rans-3 -bicyclo[3 . 1 . 0]hexyJamine ( 147 )
.
In each case a mixture of four alcohols was produced. The product distribu-
tion from 1_4_6 was: 5% of 148 , 30.5% of 149, 27.5% of 137 , and 37% of l&Oa .
HO
/
148 149
Amine I4j. gave 41% of 148, 14% of 149 . 9% of
_137_, and 36% of 140a . In each
case where a carbonium ion was formed, a mixture of cis and trans
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2-substituted products was produced, with the trans product predominating.
From the available information it appears that the rearrangement of
endo -bicyclo] 2. 2.0]hex-2-yl acetate ( 131 ) proceeds by a concerted process
to give exclusively the cis isomer 124 , Since none of the products iso-
merize to 8 under the reaction conditions, then this compound must also
arise by either a concerted process or one which incorporates a tight-ion
pair. A concerted process may be questioned in this case due to the large
amount of steric crowding present by attack at the C-4 position in the
beginning acetate ( 131 ) , as suggested by Dreiding molecular models. A
study of this rearrangement using oxygen-18 labeling would be beneficial in
determining if this is a completely concerted rearrangement.
OAc
131
AcO
124
a OAc
8
From the great difference in rates between unbuffered carbon tetra-
chloride and m-chlorobenzoic acid saturated methylene chloride solution, it
can be assumed that the rearrangement proceeds more readily under acid
catalyzed conditions. The proton from the m-chlorobenzoic acid could react
with the etherial oxygen of the acetate and facilitate C -0 bond cleavage.
The 6% increase of the exo-acetate 7c in the latter and the 29% increase
in the former Baeyer-Villiger reaction can be explained by epimerization of
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the endo-ketone 112 to the exo
-
ketone 123 before reaction with the peracid.
The variation in reaction conditions between the two Baeyer-Villiger reac-
tions could explain why no endo-acetate ( 131 ) was observed in the first
reaction. In this case all of the m-chlorobenzoic acid present in the
peracid did not dissolve in the methylene chloride solvent, while in the
second reaction all of the acid dissolved. This indicated that more acid
was present in the former Baeyer-Villiger reaction.
The driving force for the rearrangement can be found in relief of
steric strain arising from bond deformation of the fused cyclobutane rings.
A crude calculation of strain energy can be made by summing the strain
energies of the separate par:s of the molecule. The calculated strain
energy of cyclopropane is 31 kcal/mole . Doubling this value gives 62
kcal/mole strain energy for bicyclo[ 1 . 1 .0] butane. The value determined by
a higher order calculation is 67.4 kcal/mole .
The experimental 1> determined strain energies of cyclopropane and
cvclobutane are 27.5, and 26.2 kcal/mole respectively. Among the common
rings, cyclohexane has a "normal" heat of combustion , but that of cyciopen-
cane is somewhat enhanced. The Bae\er strain of the cy<. ioalkanes is given
as 24' UU for cvc lopropane, 9
J
4^ for c>clobutane, and 44 for cyclo-
35pentane
. Cyc locentane can be assumed to ha >e zero strain energy within
the accuracy of this calculation. The strain energy for bic\ clo[ 2. 2.0J-
hexane should then be approximate Iv • the strain energy of cyclobutane,
or S2 .4 kcal/mole, and the strain energy of bicyclo[3. 1 .0]hexane should be
equal to that of cyclopropane. 1 kcal/mole. The difference in these
two values is 2 1 .4 kcal/mole. Even Li this calculation is off by 5
k< il 'mol( there is still a of strain relief obtained by
rearrangement of the bicyclo[2.2.0]hexyl system.
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Before the present study was begun.-, a communication appeared which
stated that dimethyl cyclohexa-1 ,,3-diene-l
:
4-dicarboxylate ( 150 ) would
react under diazomethane sensitized photolysis conditions to yield diester
C0 2CH3
C0
2
CH
3
150
-*"
2CH3
C02CH3
151
C0
2
CH3
152
70
151 . Duplication of this work yielded only dimethyl bicyclo[3. 1 .0]-
hex-2-ene-l,5-dicarboxylate ( 152 ) This corrected result was later pub-
lished in the full paper by Prinzbach and Hagemann
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SUMMARY
At the time this work began, nc simply substituted endo -bicvclo-
[2. 2.0]hexane derivatives were known. A study was then initiated to find
a synthetic route applicable to preparative work in this area.
The first reaction investigated was the cycloaddition reaction of cis -
3,4-dichlorocyclobutene ( 101 ) with dichloroketene. This reaction was
attempted under various conditions, but no anticipated bicyclohexanone
could be obtained.
Reaction of diiron heptacarbonyl tetraiodide with 101 produced a non-
purifiable mixture of compounds. Injection of this mixture into the g.c.
produced a 2:3 ratio of s_vn- (56) and anti-tricyclo[4. 2.0 ,0 ' ]octa-3,7-
diene (52). It is assumed that no free cyclobutadiene was involved in the
formation of 56 and 57 .
Cyclobutadieneiron tricarbonyl (24.) could not be prepared by the pub-
lished procedure, but by forcing the reaction and adjusting conditions, a
consistent 48% yield was obtained.
The possibility of certain monosubstituted olefinic compounds reacting
with 24_ was investigated. 2-Butenone was completely unstable toward the
reaction conditions. Vinyl acetate, although the most stable of these
olefinic compounds to eerie ion, failed to react with the cyclobutadiene.
Reaction of methyl acrylate, V±-. an^ eerie ion gave a product in 3% yield
Methyl endo-bicyclo[ 2 . 2 .0]hex-5-ene-2-carboxy late (108) was assigned to
this product because of the analogy with other Diels-Alder reactions run
with cyclobutadiene.
Although several acetyienic compounds have been reacted with cyclo-
butadiene, 2-butynone ( 109 ) was nor among those listed. This reaction
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proceeded to give bicyclo[ 2 . 2 .0]hexa-2 , 5-dien-2-y 1 methyl ketone ( 110 ) and
acetophenone ( 111 ) in 27% yieid. Attempted diimide reduction of 110
resulted in complete destruction of the "Dewar benzene". The only identi-
fiable compound in the complex product mixture was 111 .
Methyl bicyclo[ 2. 2.0]hexa-2, 5-diene-2-carboxylat.e ( 114 ) was prepared
by the reaction of cyclobutadiene with methyl propiolate ( 113 ) , Diimide
reduction proceeded in 93% yield tc produce methyl endo-bicyclo[ 2. 2.0]-
hexane-2-carboxylate ( 116 ) „ The endo configuration was assigned to 116 on
the basis of diimide reductions of substituted bicyclo[2 . 2„ l]heptenes.
Ester 116 was found to be stable to base equilibration attempts, but
acid equilibration gave the new product, methyl exo-bicyclo[2 » 2„0]hexane-
2-carboxylate ( 117 ). The purity of 117 is not known since the spectra of
it and 116 are so nearly alike, and they have the same g.c, retention time,
The reaction of methylsulfinyl carbanion with crude 116 followed by
reduction produced a 38:62 mixture of endo - ( 112 ) and exo-ketone ( 123 )
.
Baeyer-Villiger reaction of ketones 11.2 and 123 gave three products.
The mixture contained 91% of exo-bicvclo^ , 2.0~|hex-2-yl acetate (7c), 9% of
c_is-bicyclo[3 . 1 o0]hex-2-yl acetate ( 124 ) , and less than 1% of 3-cyclohexenyl
acetate (8), No endo -bicyclo[ 2 . 2 „0]hex-2-yl acetate could be detected in
the product mixture.
A second pathway to the desired compounds began with endo -ester 116
which was saponified to endo -=icid 129 , and 129 was converted to endo -
bicyr. lo[ 2.2.0]hexane-2-carbonyl chloride ( 130 ) . Neither of these two reac-
tions gave any detectable epimt rizat ion. Reaction of 130 with dimethyl
cadmium produced a 71:29 mixture of ketones 112 and 123 in low yield.
Baeyer-Villiger oxidation of this ketone mixture gav'e four products. The
product mixture contained 42% of endo_-bicyclo[ 2. 2 .0]hex-2-yl acetate ( 131 ) ,
43
35% of 7c, 17% of 124, and 6% of 8
After standing at -26 for 21 days in carbon tetrachloride, the 54-46
mixture of endo - and exo -acetate ( 131 , 7c ) had changed to 22% of 131 , 46%
of 7c, 25% of 124, and 7% of 8, After another 25 days in methylene chloride,
the product distribution was 14% of 13
1
« 46% of 2c, 31% of 124, and 9% of 8.
The products of the rearrangement 124 , 8 and trans-acetate 140b were
subjected to the Baeyer-Villiger reaction conditions and found to be
stable. Therefore, the products arose directly from rearrangement of 131
and not. from any of the possible products rearranging further under the
reaction conditions
.
It is then proposed that the rearrangement of 131 proceeds by a con-
certed process since no trans-acetate 140b was detected in the product
mixture. In all cases wbere a carbonium ion is allowed to form, the major
product is trans -2-substitut.ed-bicy^ lof 3 . 1 .0]hexane. The formation of 8
can also be explained by a concerted rearrangement, but steric crowding at
C-4 leaves this open to question. The driving force for the rearrangement
can be found in relief of steric strain.
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EXPERIMENTAL
119
Dimethyl Acetylenedicarboxvlate
. The procedure of Huntress, Lesslie, and
Bornstein was followed to give a yield of 75%, b.p. 94-96 /20 mm. (lit.
72-88% yield, b.p. 95-98 /19 mm.). The infrared spectrum was in agreement
with that published . The n.m.r. spectrum showed a singlet absorption
at <6.05.
cis-3 ,4-Dichlorocvclobutene . The procedure followed was that of Avram,
Dinulescu, Elian, Farcasiu, Marica, Maeescu, and Nenitzescu .
1
.
Chlorination of Cyclooctatetraene with Sulfuryl Chloride . A
longer and varied induction period was observed due to the inhibitor pres-
ent in the cyclooctatetraene . In a single attempt with pure cycloocta-
tetraene (Aldrich Chemical Co.);, an induction period of 20 minutes was
observed (lit. 15 minutes). Sodium bicarbonate rather than calcium car-
bonate was used to neutralize the reaction mixture. After drying, this
product was used directly in the next step.
2. Reaction with Dimethyl Acetylenedicarboxvlate . The reaction mix-
ture was allowed to reflux four hours instead of the suggested three.
3. Pyrolysis . Three volatile fractions were obtained. The first
fraction, a yellow liquid with b.p. 35 /90 mm., distilled at bath tempera-
tures 105-173 . The second fraction, a clear, colorless liquid with b.p.
119-137°/65 mm., distilled at bath temperatures 173-195° (lit. b.p. 110-
140 /65 mm. at a bath temperature of 180 ). The last fraction, a clear,
light yellow liquid with b.p. 93 /I mm., distilled at a bath temperature of
125 . The second portion was purified by fractional distillation on a 30
cm. semimicro spinning band column. The first fraction to come off was
o 1
near pure trans
,
trans -1 , 4-dichlorobutadiene , b.p. 60 /60 mm. (lit. b.p.
60 /68 mm.). The infrared ''page 45) and n.m.r. (page 57) spectra were
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recorded. The second fraction was pure cis -3 ,4-dichlorocyclobutene , b.p.
74°/58 mm. 5 n^
5 " 5 1.4983 (Lit. 1 b.p. 74°/60 mm., n^5 1.49832K The infra-
red (page 45) and n.m.r. (page 57) spectra were recorded. The two produces
(76% yield) were analyzed by vapor phase chromatography (g.c.) on a 6' x V
Carbowax 20M column (20% on Chromosorb W) at 175 . The flow rare was 60
ml. /minute, the detector temperature was 290 , and the injection port
temperature was 250 . The trans
,
crans -l , 4-dichlorobu:adiene had a reten-
tion time of 3.1 minutes and the cis -3 , 4-dichlorocyclobutene had a reten-
tion time of 6.1 minutes.
Dichloroacetyl Chloride , Dichloroacetic acid (109.6 g . 5 0.85 mole),
thionyl chloride (165.4 g,, 1.40 mole), and a catalytic amount of dimethyl
formarnide were combined and heated at reflux for 6 hours. The reaction
mixture was distilled through a 30 cm., Vigreux column to give a light
yellow liquid, (59.25 g., 52% yield) b.p. 104° (lit.
110 107-108°). The
infrared spectrum was in agreement with that published
7 ., 7-Dichlorobicyclor3 . 2 .0lhept-2-en-6-one . This bieyciic ketone was pre-
pared by the procedure of Stevens, Reich, Brandt, Fountain and Gaughan
in 65% yield, b.p. 33°/0.2 mm. (lit. 100 70-75% yield, b.p. 38°/0.25 mm.).
The product was shown to be 96% pure by g.c. analysis u?ing a 6 x V
Carbowdx 20M column (20% on Chromosorb W) at 175 . The f 'e was 60
ml. /minute, the detector temperature was 305 , and the injection port
temperature was 300 . The ketone had a retention time of 12.0 minutes.
' 00
The infrared and n.m.r. spectra agreed wi:h those reported
Reaction of cis-3 ,4-Dii hlorocyc lobutene with Pic hloroke .. «. <. 1
for this reaction was patterned after that oi Stevens, Re i v i Brandt
Fountain, and Gaughan Triethy 1amine (0.95 g ll mmol( ) In .' * ml
hexane was added over a period of 5 hours to a solution ol Qi
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cyclobutene (3.0 g., 24.0 mmole) and dichloroacetyl. chloride (1.25 g., 8,5
mmole) in 5 ml. of hexane. The reaction mixture was maintained at -1 to +1 .
The solid hydrochloride was filtered from the reaction mixture, and trap-to-
trap distillation through a short path column (27 /0 . 1 mm.) yielded a clear,
colorless liquid (2.48 g.) and a non-volatile dark brown viscous oil.
Analysis of these two components by g.c. using a 6' x V Carbowax 20M
column (20% on Chromosorb W) at 175 showed a major peak at 2.1 minutes
for cis -3,4-dichlorocvclobutene and a trace component at 4.1 minutes that
could not be identified. The pot residue showed only residual starting
material. The gas flow was 60 ml./minute 5 the detector temperature was
304
,
and the injection port, temperature was 305 . An infrared spectrum
of the distillate agreed with that of the starting cyclobutene.
Diiron Enneacarbonyl
. This compound was prepared by a modification of the
94
method of Speyer and Wolf . Iron pentacarbonyl (200 g
.
, 1.02 mole) in 410
mi. of glacial acetic acid was maintained under a nitrogen atmosphere while
being irradiated with a GE-AH4 ultraviolet lamp (with the Pyrex envelope
remo ed ) in a quartz, water cooled well. At the end of 37 hours the solid
product was filtered from the reaction mixture, washed repeatedly with
anhydrous ether and air dried (100.9 g.). The mother liquor (without
ether) was irradiated for another 70.6 hours and the golden crystals were
worked-up as before (42.7 g.). The total yield was 143.6 g. (81%) with a
total reaction time of 107.6 hours. Dry diiron enneacarbonyl is stable
toward oxygen and moisture, but burns spontaneously in the air if moistened
with iron pentacarbony I
.
Reaction of cis-3 ,4-Dichlorocvclobutene with Diiron Heptacarbonyl Tetra -
iod ide . Diiron enneacarbonyl (6.0 g. 16.0 mmole) was added to a solution
of iodine (4.1 g, 16.0 mmole) in 50 ml. of pentane. A gas was immediately
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evolved and the temperature of the solution rose approximately 3 . After
the initial reaction had subsided, cis -3 ., 4-dichlorocyclobutene (2.0 g.,
16.0 mmole) was added, and the mixture refluxed for 24 hours. The reaction
mixture was cooled, filtered from the solid residue, washed with aqueous
sodium thiosulfate, and dried ever magnesium sulfate. The product was
concentrated by distillation of the solvent through a 30 cm. Vigreux
column. The pot residue was analyzed by g.c. on a 6' x V Carbowax 20M
column (20% on Chromosorb W) at 16.5 . The flow rate was 60 ml. /minute, the
detector temperature was 302
,
and the injection port temperature was 285 .
Six peaks were observed with the ones at 6.4, 7.9, and 8.4 minutes being
too small for collection. The major peaks at 22.0, 26.1, and 29.2 minutes
were collected and their infrared spectra recorded. The infrared spectrum
of the first liquid product (peak at 22.0 minutes) corresponded to that
2published by Avram Dinulescu, Marica. Mateescu, Sliam, and Nenitzescu for
2 S
si_n-tricyclo[4.2.0,0 ' ]octa-3 7 -diene. The infrared spectrum of the peak
2 5
at 26.1 minutes corresponded to that published for an_ti_-tricyclo[4. 2 .0 .0
2
oc ta -3 , "7-diene . The twe isomers were present in a ratio of 2:3. Both of
these two isomers polymerized on standing at room temperature for 36 hours.
The third product wa ^ a white cr\stdiine solid that could not be identified
This material showed infrared absorptions (solid in nujol) at 3.46(s),
3.56(sh) 6.5(w), 6.85(a), 7.28(m), 7.8(w), 8.72(m), 10.36(s), and 13.83(w)
jj The infrared soectrum of the crude product mixture =howed absorptions
at
-7.69(w), -.85(s), 8.09(w), 8.56(s), 8 . 66 ( s ) , 8.88(sh), 9.03(s), 9.95(w),
10.37(w), P.O(w), LI 57(8) L2.85(sh), 13.35(s), and I4.25(m) u. Collec-
Lon oi t l'< entire sample from the g.c. gave a mixture of compounds which
showed intrared absorptions at 3.3(m) 5.74(w), 5.93(w), 6.27(m), 6.5(s1,
7 72(s), 7.85(sh), 7 88(0, 8.27(m) 8.75(s), 9.6(w), 10.43(m), 10.55(s),
72
11.05(w)
;
,
12.7(m), 13.9(sh).. and I4.i6(m) jj. The product mixture could not
be separated by either liquid chromatography on alumina, or thin-layer
chromatography on silica gel.
Cyclobutadieneiron Tricarbonyl . A modification of the procedure of Emerson,
Watts, and Pettit was used to prepare this compound, cis -3 ,4-Dichloro-
cyclobutene (4.0 g., 32.4 mmole)., diiron enneacarbonyl (16.5 g., 45.4
mmole), and 140 ml. of pentane were heated under reflux with a nitrogen
atmosphere at a bath temperature of 47-48 for 5.25 hours. The reaction
mixture was cooled to room temperature and the deep green liquid filtered,
under a nitrogen atmosphere, from the solid residue. The solvent and iron
pentacarbonyl were removed from the complex by distillation through a short
path column at reduced pressure. The product distilled as a bright yellow
of: —
liquid (3.02 g., 48%, lit. 40%) at 27 /0.5 mm. and solidified to a
bright yellow solid when cooled below room temperature. The distillate
was analyzed by g.c. on a 6- x V Carbowax 20M column (20% on Chromosorb
W) at a temperature of 175 . The gas flow was 60 ml ./minute, the detector
temperature was 307 , and the injection port temperature was 303 . Two
major peaks were observed at 0.45 and 3.45 minutes. The peak at 3.45
minutes was collected in a Dry Ice-isopropyl alcohol bath as a clear,,
colorless liquid which evaporated as the material was allowed to warm
toward room temperature. No starting cyclobutene 3 and only a trace of
diiron enneacarbonyl could be observed. The n.m.r. spectrum showed a
singlet absorption at f6.09 (lit. 4 6.09). The infrared spectrum (page
4-5) was recorded. Cyclobutadieneiron tricarbonyl slowly decomposes in the
presence of air or moisture to give a reddish-brown solid not soluble in
water or organic solvents.
Dimethyl Bicyclo^ . 2 .0~)hexa-2, 5-diene-2, 3-d iearboxy late . A procedure
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patterned after that of Watts, Fitzpatrick, and Pettit was used to pre-
pare this compound. Ceric ammonium nitrate (9.5 g., 17.0 mmole) in 17 ml.
of distilled water was added to a mixture of cyclobutadieneiron tricarbonyl
(1.0 g., 5.2 mmole), and dimethyl acetylenedicarboxylate (7.39 g., 52.0
mmole) in 38 ml. of 957=, ethyl alcohol. The addition time was 30 minutes
and the reaction temperature was maintained between -2 and +2 . Bubbles
were noted coming from the reaction mixture as the ceric ion solution was
rapidly decolorized upon addition. The reaction mixture was stirred for an
additional 15 minutes at -1
,
extracted with six 20 ml. portions of pentane,
six 20 ml. portions of eiher. and the two extracts washed separately with
three 20 ml. portions of water. The dried organic extracts were chroma-
tographed on silica gel. Dimethyl acetylenedicarboxylate was eluted with
methylene chloride, and a 1:3 solution of ether and methylene chloride
eluted a mixture of the desired "Dewar benzene" and its aromatic isomer
(0,69 g. 68% yield), G.c. analysis of this fraction on a 6' x V Carbowax
20M column (20% on Chromosorb W) showed two major peaks. The column
temperature was 175 until it was raised to 225 at the end of 9 minutes.
The flow rate was 60 ml. 'minute, the detector temperature was 305 , and the
injection port temperature was 296 . The first peak (15.3 minutes) was
identified as an impurity in the dimethyl acetylenedicarboxylate. The
second peak (23.0 minutes), when compared by infrared spectra to an authen-
tic sample, was shown to be pure dimethyl phthalate. The n.m.r. spectrum
(page 57) of the chromatograobed product mixture was consistent with that
published , and t^e infrared spectrum (page 47) was recorded.
Ceric. Ion Oxidation oi Sc ) . <. t t d \)\ enophi les . The dienophile was added to a
water-alcohol solution of ceric ammonium nitrate, - d, and allowed to
stand at room temperature. The following observations were made.
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L. 2-Butenone . Upon the addition of the ketone, the beginning blood
red color of the eerie ion solution immediately changed to yellow. Notice-
able heating of the reaction mixture occurred and in a few minutes a red
polymer had formed.
2. Methyl Aerylate . The color of the solution was unchanged for
approximately 10 minutes. After 30 minutes a yellow solution remained and
some polymer had formed.
3. Vinyl Acetate . No color change was noted for the first 0.5 hour,
but at the end of 1.5 hours the solution was nearly colorless. After 3
hours the solution turned red again., and while standing overnight a red
polymer formed.
4. 2-Butynone . No immediate color change was noted, but after 45
minutes the solution had turned a light yellow, and a polymer formed while
standing overnight.
Reaction of Cyclobucadieneiron Tricarbonyl
.,
Vinyl Acetate, and Ceric. Ion .
This reaction was patterned after the procedure of Watts, Fitzpatrick, and
108
Pettit . Cyclobutadieneiron tricarbonyl (0.6 g., 3.1 mmole) in 1.5 ml.
of 95% ethyl alcohol was slowly added over a 10 minute period to a mixture
of ceric ammonium nitrate (9.5 g., 17.0 mmole), vinyl acetate (4.5 g., 52
mmole), 36,5 ml. of 95% ethyl alcohol, and 17 ml. of water. The reaction
c
mixture was maintained between -2 and +1 . During the addition bubbles we>-e
given off and the initial blood red <_olor of the ceric ion solution lessened
somewhat in intensity. The reaction mixture was stirred an additiona.1 15
minutes, extracted wi^h six 20 ml. portions of pentane and dried over
magnesium sulfate. The solvent was distilled from the dry solution through
a 30 cm. Vi^greux column, and the remaining yellow oil (0.15 g.) was dis-
ti] ed through a short pr..tb column (27 70.05 mm.) yielding only a trace of
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vo Latile material. This product mixture was analyzed by g.c. on a 6' x k"
Carbowax 20M column (20% on Chromosorb W) at a temperature of 125 . The
flow rate was 60 ml. /minute, the detector temperature was 279 , and the
injection port temperature was 203 . Peaks were observed at 0.9, 1.1, 1.25,
1.4, 1.8, 2.0, 2.2, 2.65, 3.5, 4.1, 5.0, 5.95, 7.4, 8.3, and 14.4 minutes.
No identifiable compounds could be obtained from this mixture.
In another attempt, an aqueous solution of eerie ammonium nitrate was
added to the reaction mixture instead of cyclobutadieneiron tricarbonyl.
The results of this attempt were the same as those above.
Methyl endo-Bl cyclop 2.0]'hex-5-ene-2-carboxvlate . This reaction was pat-
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terned after the procedure of Watts, Fitzpatrick 3 and Pettit . Ceric
ammonium nitrate (10.0 g., 18,2 mmole) in 22 ml. of water was added over a
15 minute period to a solution of cyclobutadieneiron tricarbonyl (1.0 g.,
5.2 mmole), and methyl acrylate (4.49 g., 52 mmole) in 40 ml. of 95% ethyl
alcohol. The reaction mixture was maintained at to -2 . Bubbles were
given off during the addition of the ceric ion solution. The reaction
mixture was extracted with six 20 ml. portions of ether, the ether extract
washed with several portions of water, and the resulting solution dried over
magnesium sulfite. The concentrated reaction mixture was chromatographed
on silica gel. The fraction eluted with 1:1 ether methylene chloride was
distilled through a short path column (27 /0.05 mm.) to yield a clear,
colorless liquid (0.02 g., 3%). This material was analyzed by g.c. on a
6' x V' Carbowax 20M column (20% on Chromosorb W) at a temperature of 175 .
The flow rate was 60 ml./minue, the de.ector temperature wt»s 304 , and the
injection port temperature was 293 . Two major peaks were observed at 1.8
and 4.8 minutes An n.m.r spectrum of this fraction showed absorptions us
a multipler centered at r'3.58, a singlet atY6.25, and continuous absorption
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from T' 6.0-8. 17. The infrared spectrum was not recorded.
Catalytic Hydrogenation of Methyl* endo-Bicyclo^. 2 .0lhex-5-ene-2-carbox-
ylate . Methyl endo-bicyclo[2. 2.0]hex-5-ene-2-carboxylate (50 mg.) in
methylene chloride-ethanol solution was hydrogenated for 5 hours over
platinum in a semimicro hydrogenation apparatus. No hydrogen uptake could
be measured due to the amount of material involved. At the end of the
reaction period the product mixture, was filtered and concentrated leaving
a light, yellow liquid (25 mg., 50%). This mixture was analyzed by g.c.
under the conditions listed above. A single peak was observed at 1.?
minutes. The column temper siture was raised to 225 at 9.0 minutes and two
more peaks were observed at 10.8 and 12.7 minutes. No conclusive n.m.r. or
infrared spectra could be. obtained.
2-Butynone .
1. Ethynylmagnesium Bromide . The procedure of Skattebol, Jones, and
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whiting was followed to prepare this compound. Ethyl bromide (120 g.
,
1.1 mole) and magnesium turnings (24 g., 1.0 mole) were combined in 400 ml.
of tetrahydrofuran to produce the initial ethylmagnesium bromide. This
compound was used immediately in the next step.
2. Reaction of Ethynylmagnesium Bromide with Acetic Anhydride . The
52procedure followed was that used by Kroeger and Nieuwiand to prepare sub-
stituted acetylenic ketones. The compound prepared above was added over
1.25 hours to 204 g. (2.0 mole) of acetic anhydride in 200 ml. of ether.
The reaction temperature was -25 and a nitrogen atmosphere was maintained
over the solution. After the addition., the mixture was stirred an addi-
tional 6 hours 9 hydrolyzed with 50 ml. of water, filtered from the resulting
polymer, washed with five 1000 ml. portions of water, dried 3 and distilled
from a 36 inch spinning band column. The clear, colorless liquid (6.15 g.,
9% yield) had a boiling point of 35°/130 mm. (lit. 84,5-86°) and exhibited
one major peak at 2.04 minutes when analyzed by g.c. on a 6' x k" Carbovax
20M column (20% on Chromosorb W) at a temperature of 75 . The flow rate
was 60 ml . /minute, the detector temperature was 305 , and the injection
port temperature was 313 . The infrared spectrum of the purified compound
showed absorptions at 3.12(s), 3.41(w), 4.79(s), 5.76(sh), 5.92(s), 7.03(m)
7.35(m)
s
8.01(m), 8,32(s), 9.54(w) 3 9.76(m), L0.17(s), and 13.46(s) u. The
n.m.r. spectrum showed singlet absorptions at *f 6.45 and 7.65.
Bicyclof 2. 2 .0~|hexa-2
,
5-dien-2-y 1 Methyl Ketone . A procedure patterned
after that used for the preparation of dimethyl bicyclo[ 2 . 2 .0jhexa-2
:
5-
diene-2, 3-dicarboxylate (described above) was employed for the preparation
of this compound. Ceric ammonium nitrate (10.0 g, , 18,2 mmcle) in 22 ml
of distilled water was added to a mixture of cyclobutadieneiron ricarbc
(1.0 g,, 5.2 mmole) and 2-butynone (1.77 g , 26.0 mmole) in 40 ml. of 95%
ethanol. The reaction was maintained at -1 to -3 during an addition time
of 70 minutes. After the addition the solution was stirred for another 30
minutes and 0.2 g. of ferrous ammonium sulfate added. This mixture was
stirred an additional 10 minutes, extracted with five 4-0 ml
ether, and the ether washed with five 40 ml. portions of !'<
resulting ether extract was dried concentrated at reduced pressu r e and
distilled through a short path column (27/0 05 mm. i to yield 1 g (2
of a light yellow liquid. G.c. analysis of this product on a 6' x V Carbo-
wax 20M column (20% on Chromosorb W) at a I i L75 shoved onl}
one major peak at 2.25 minutes. The flow rate was 60 ml ^minute tin
detector temperature was 304
,
and the Lnjection port was 3i
This peak when collected and compared to an authentic sample was shown
i 1 Bbe pure acetophenone
. The infrared (page 47) and n
spectra were recorded.
Potassium Azodicarboxvlate . This compound was prepared according to the
method of Thiele . Azodicarbonamide (0.42 g., 5.0 mmole) and 1 ml. of
aqueous potassium hydroxide (1:1) were combined at and stirred until the
evolution of ammonia stopped. The bright yellow precipitate which formed
was filtered and washed repeatedly with absolute alcohol. The resulting
crystaline solid was used directly in the next step.
Reaction of Diimide with Blcvclor2.2.()]hexa-2.5-dlen-2-vl Methyl Ketone .
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The method of van Tame i en., Dewey,, and Timmons " was used in this reaction.
Glacial acetic acid (0.63 ml., 10 mmole) in 5 ml. of absolute ethanol was
added,, under nitrogen 3 to a mixture of potassium azodicarboxylate and
bicyclo[2.2.0]hexa~2,5-dien-2- yl methy*l ketone (0.1.5 g., 1.2 mmole) in
10 ml. of absolute ethanol. The addition was complete after 1 hour and the
resulting mixture was stirred for an additional 6 hours, added to 75 ml. of
ether, washed with four 30 ml. portions of water, dried, concentrated at
reduced pressure, and distilled through a short path column (27 /0.05 mm.).
The distillate product mixture (0^03 g., 20%) was shown to contain thirteen
components by g.c. analysis on a 6' x
-k" Garbowax 20M column (20% on
Chromosorb W) . The column temperature was programmed from 135 to 160
at a rate of 3.2 /minute, the flew rate was 60 ml. /minute, the detector
temperature was 255
s
and the injection port temperature was 229 . The
three major peaks appeared at 2.15 (20.0%), 3.7 (37.8%), and 6.9 (12.1%)
minutes. The collected peak at 3.7 minutes was identified as acetophenone
by infrared spectral and g.c. retention time comparisons with an authentic
sample. No other collected peaks were large enough for spectral data.
Methyl Propiolate .
68
1. Propiolic Acid , The method of Perkin and Simonsen ' was used to
79
prepare this compound in a 99% yield. The acidified reaction mixture was
saturated with sodium chloride rather than ammonium sulfate and the ether
solution was dried over magnesium sulfate rather than calcium chloride.
This compound was used immediately in the next reaction without further
purification.
49
2. Esterification of Propiolic Acid . The method of James and Fanta
was followed to prepare the desired ester in a yield of 37%, b.p. 101
Uq o
(lit. ' 49% yield, 96-102.5 ). G.c. analysis of the product on a 6' x
V Carbowax 20M column (20% on Chromosorb W) at a temperature of 100
showed one major peak, at 1.35 minutes. The flow rate was 60 ml. /minute,
the detector and injection port temperatures were 304 . The compound
showed infrared absorptions at 3.12(e)., 3.44(w), 4.73(s), 5.83(s), 6.98(s),
7.99(s), 8.39(m), 8.86(w), 10.06(m) s L1.57(s), and 13.15(a) u. The n.m.r.
spectrum showed singler. absoro :.icns ac
-f 6.24 and 7.02.
Methyl Bicyc lof 2 . 2 . 0] hexa-2, 5-diene-2-carboxylat.e . This compound was pre-
pared by a procedure patterned after that, of Watts, Fitzpatrick, and
L07
Pet'.it
. Ceric ammonium nitrate (50.0 g. , 91 mmole) in 110 ml. of dis-
tilled water was added to a mixture of cyr.lobutadieneiron tricarbonyl (5.4
g., 28,1 mmole) and methyl propiolate (21.9 g., 0.26 mole) in 200 ml. of
95% ethanol. The reaction was maintained at -1 to -3 during an addition
time of 1.5 hours. After the addition., the solution was stirred for
another 15 minutes and 0.2 g. of ferrous ammonium sulfate added. This mix-
ture was stirred an additional 10 minutes, extracted with fi 'e 40 ml. por-
tions of ether, and the ether washed with five ^0 ml. portions of water.
The resulting ether extract was dried concentrated at reduced pressure,
and distilled through a short i^ath column (27 /0.05 mm.) to yield 1.88 g.
^9%) of a light yellow liquid. G.c. analysis ol thil product on a 6 n
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Carbowax 20M column (20% on Chromosorb W) at a temperature of 125 showed
4 major peaks at 1.0, 1.4, 1.7, and 5.5 minutes. The flow rate was 60 ml./
minute., the detector temperature was 304
s
and the injection port tempera-
ture was 306 . The collected peak at 5.5 minutes 5 when compared by infra-
red spectral and g.c, retention times to an authentic sample > was shown to
be pure methyl, benzoate. The desired "Dewar benzene 1''' and its aromatic
isomer were shown by g.c. integration to be 63% of the product mixture.
The n.m.r. spectrum (page 59) agreed with that published , and integra-
tion of the spectrum indicated that the desired diene was 39% of the "Dewar
benzene" , aromatic isomer mixture. The infrared spectrum (page 47) was
recorded.
Catalytic Hydrogenation of Methyl Bicyclo^. 2.0"lhexa-2,5-diene-2-carbox-
ylate . Methyl bicyclo[2. 2.0]hexa-2,5 -diene~2-carboxylate (0.2 g.) in 10 ml.
of absolute alcohol was hydrogenaced for 5.5 hours over platinum in a semi-
micro hydrogenation apparatus. No hydrogen uptake was observed. At the
end of the reaction period the product mixture was filtered and concentrated
at reduced pressure... The infrared spectrum agreed exactly with that of
methyl benzoate. No peaks attributed to the "Dewar benzene" were present.
G.c. analysis under the conditions listed above showed that the aromatic
peak at 5.5 minutes had not changed its relative concentration.
Methyl endo-Bicyclo^ . 2.0"|hexane.-2-carboxylate . The method of van Tame 1 en,
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Devitey , and Timmons " was used to prepare this compound. Glacial acetic
acid (12.65 ml., 13.26 g M 0.222 mole) in 30 ml. of methanol was added.
under nitrogen, to a mixture, of potassium azodicarboxylate (prepared, as
described earlier, from 9.32 g. (0.111 mole) of azodicarbonamide) and
methyl bicyclo[2. 2.0]hexa-2,5-diene~2-carboxylate (1.2 g. , 8.8 mmole) in
200 ml. of methanol and 50 ml. of water. The addition was complete
81
after 3.5 hours ihe resulting mixture was stirred for an additional ^
hours, and added to 500 ml. of eiher. The resulting ether solution was
washed with eight 100 ml. portions of water, dried, concentrated under
reduced pressure, and distilled through a short path column (27 /0.05 mm.).
The distillation product mixture was shown co contain three major components
at 4.4, 7.6, and 11.3 minutes bj g.c. analysis on a 6 ! x V Carbowax 20M
column (20% on Chromosorb W) at a tempe -ature of 125 and raised to 225
at the end of 9 minutes. The flow rate was 60 ml. /minute, the detector
temperature was 252 . and the injection port temperature was 223 . The
first peak (^.4 minutes) contained no carbonyl, and the collected peak at
11.3 minutes was identified as methyl benzoate by infrared spectral and
g.c. retention time comparisons with an authentic sample. The peak at 7.6
minutes (0 44 g.. 36."'%) was col lee ed and the ''infrared (page 49) and n.m.r.
(page 61) spectra recorded. If the 39% figure for the amount of "Dewar
benzene" present in the starting reaction mixture is correct.., then this
reduction proceeded in 93% to the corresponding saturated system.
Anal
. Calcd, fo* C o H._0 ,: C 68.55. H, 8.63.o 12 2
Found: C. 68.6" H 8.82,
In a sine'e run using ethanol instead of methanol, the corresponding
ethyl esters were isol^t^d. The mass spectrum (page 29) of the ethyl endo -
bicyclo[2.2.0]hexane-2~carboxylat€ showed a parent ion at m/e 154 and the
100% peak at m/e 81 ( or responding co C,H+.
Attempted Base Equi 1 i bra r :on of Meth\l endo-Bicyclol 1 . 1 .0 l'hexane-2-carbox -
y ' -tte . Methyl endo-bicy< exane-2-carboxylat< (50 cog.) sodium
metal (5 mg . ) , and 0.1 ml, oi anhydrous methanol were s'.irred togi" In i £oi
48 houi i room tempi A the end of this period th< reaction ml
tun idded 1
i ratei extracted with ton r 'o ml. portions oi
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ether, dried over magnesium sulfate, concentrated at. reduced pressure, and
distilled through a short path column (27 /0.05 mm.) to yield 10 mg. of a
clear, colorless liquid. An n.m.r. spectrum identified this as the start-
ing endo-ester. The aqueous portion of the reaction work-up was acidified
with dilute hydrochloric acid, extracted with ether., dried, and esterified
with diazomethane. An n.m.r. spectrum of the resulting ester (30 mg.)
identified it as the starting endo isomer.
Acid Equilibration of Methyl endo -Bicycler 2. 2.0~|hexane-2-carboxylate .
Methyl endo -bi cvclof 2.2. ol hexane-2 -carboxy late (30 mg.), 6 ml. of anhydrous
methanol, and 4 drops of concentrated sulfuric acid were stirred together
for 13 days at room temperature. At the end of this period the reaction
mixture was diluted with 20 ml. of ether, washed with three 10 ml. portions
of water , dried, concentrated at reduced pressure, and distilled through a
short path column (27 /0„05 mm.). The clear, colorless distillate was
analyzed by g.c. and found to have the same retention time as the starting
endo-ester. A mixture of the distillation product and the starting ester
gave a single peak under the conditions listed above. The infrared (page
49) and n.m.r. (page 61) spectra were recorded. The purity of the methyl
exo-bicyclo[2.2o0]hexane-2-carboxylate is unknowns but can be assumed to be
good due to the length of the reaction.
Ethyl Cyciohexanecarboxylate . Cyclohexanecarboxylic acid (25 g., 0.195
mole), was combined with 33 ml. of absolute ethanol and 3 ml. of concentrated
sulfuric acid, and refluxed for 15 hours. At the end of this period the
reaction mixture was added to 100 mi. of ether, washed with water, satu-
rated sodium bicarbonate solution, and water. The resulting ether solution
was dried and distilled through a 30 cm. Vigreux column to give the product
in 75% yield (22.7 g.), b.p. 58°/4. 5 mm... n^7 1.4380 (lit.
112
b.p. 196°,
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n 1.4396). The infrared spectrum was in agreement with that pub_ished
Formation of Acerylcyclohexane from Ethyl Cyclohexanecarbox\ late . This
22
compound was prepared by the method of Corey and Chaykovsky
1. Methylsulfinylmethyl Cyclohexyl Ketone . This compound was pre-
pared as described to give 95% crude yield, 6 7% purified yield. The
impurity was found by infrared spectral comparisons to be cyclohexanecarbox-
ylic acid.
2. Reduction with Aluminum Amalfiam , This reaction was carried out
as described except that a 90% aqueous tetrahydrofuran solution was used
instead of the 10% one listed. The desired methyl ketone was obtained in
95% yield (lit. 22 98.5%), n26 ' 5 1.44?4 (lit. 111 n 25 ' 9 l .4496 ) . The infrared
spectrum showed absorptions at 3.46(s), 3.55(m), 5.85(s), 6.90(m), 7.02(sh),
7.30(m), 7.40(m), 7.65(w), 7.75(w) 8.05(w) 3 8.46(w), 8.55(m), 9.63(w),
10.35(w), 11.23(w), and 12.63(w) u.
Cyclohexyl Acetate . This compcund was prepared in two ways following a
1 14
procedure pat f erned after that of Wiberg and Hess
1. Formation with m-Cbloroper benzoic Acid . A: et\ lc>clohexane (0.75
g. , 5.6 mmole) and 80% m-chloroperbenzoic acid (1.47 g., 8.6 mmole) were
combined in li mJ . of methylene chloride and stirred a* room temperature
for 10 days. The progress of the reaction was followed b-, titrating the
90
unreacted peracid . The reac r ion was 83% complete after 2 days and 95%
complete after ten. The reaction mixture was washed with three 3 ml. por-
tions of cold 10% sodium hydroxide., 8 ml. of water in tvo portions, 2.5 nil
of 10% sodium bisulfite, and 2.5 ml. of water. The resulting solution was
dried, concentrated and distilled through a short path column (.2 7 /0
mm ) to yield o 63 g , 75%, n
29,5
l. /4362 u i t
.
L ° 9
n£°1.4401) [he distillate
was analyzed by g.c. on a 6' x I" Carbow*x 20M column (20% on Ctuomosorb W)
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at 125 . The flow rate was 60 ml. /minute, the detector temperature was
304
,
and the injection port temperature was 303 . One major peak was
observed at 1.7 minutes and no starting ketone could be observed. The
infrared spectrum of the collected sample was in agreement with that pub-
lished 78 .
2. Formation with Peracetic Acid . This reaction was run as described
above using 47% peracetic acid. The reaction was 45% complete after 2 days
and 83% complete after ten. The product mixture (.75% yield) was analyzed
by g.c. as described above. Two major peaks were observed at 1.7 (86%)
and 2.3 (14%) minutes. The second peak corresponded by infrared spectral
and g.c. retention time comparisons to that of the starting ketone.
Cyclohexanecarbonyl Chloride . This compound was prepared by a procedure
1 13
patterned after that of Wiberg,, Lowry, and Colby . A mixture of cyclo-
hexanecarboxylic acid (5.0 g., 39.0 mmole), thionyl chloride (10-0 g.
,
78,0 mmole), and 5 drops of dimethyl formamide was combined under a nitrogen
atmosphere and stirred at room temperature for 1 hour,, and then heated at
reflux for 4 hours. The excess thionyl chloride was removed at reduced
pressure and the product distilled through a short path column (27 /0.05
mm.) to yield 5.29 g., 93%. The infrared spectrum agreed with that pub-
lished
Dimethyl Cadmium . M ethy 1 magnesium bromide was prepared by the method of
20Colonge and Marey . This compound was used immediately in the formation
! ft
of dimethyl cadmium prepared by the mf^hod of Cason . The resulting
product was used immediately in the next, reaction.
Formation of Acetylcyclohexane from Cyclohexanecarbonyl Chloride . This
compound was prepared by a procedure patterned after that of Wiberg, Lowry,
113
and Colby . Cyclohexanecarbonyl chloride (0.5 g., 3.4 mmole) in 1 ml. of
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benzene was added under nitrogen to l c ml. (5.0 mmole) of dimethyl cadmium-
benzene solution (prepared above) over a 10 minute period. The reaction
mixture was stirred at room temperature for 2 hours, and a saturated solu-
tion of ammonium chloride slowly added. The layers were separated and the
aqueous layer was extracted with ether. The combined organic layer and
ether extract was washed twice with water and dried over magnesium sulfate.
The dried solution was concentrated at reduced pressure and distilled
through a short path column (2?°/0.05 mm.) to yield 0.39 g., 91%. The
infrared spectrum agreed with that for the compound obtained by the pre-
viously described method.
endo-Bicyclor2.2.0]hex-2-''- He. ihylsulf ir.y_rr.echy- Ketone . The general pro-
22
cedure of Corey and Chaykovsky " was :o__cwed to prepare this compound.
1. Methj c u:fin> ? Carba-'-ion . Sodium hydride (0.556 g., 10 mmole,
^4%) was allowed to react with 1.3 mi. of dimethyl sulfoxide as described,
2 . Reac'icn of Methy Isulf in'. I Carbc.nion with Methyl endo- Bicyclo -
r 2. 2 .0 Jhexape-2-ca^box\ ' a. e . A so_ution of tetrahydrofuran (1.3 ml.) and
sulfiny] carbanion (prepared abo^et was cooled in an ice bath during
th< addi Lon of the ester (u°der ni rogen) over a 10 minute period. The
reaction mixture was stirred ] hour at 'coin temperature. 7.8 ml. of water
added, the resulting solution a idified with dilute hydrochloric acid I
pH 3, and 'he resulting mixture extra hree 40 ml. portions of
chloroform. This ex r a • ,-s washed wi* ' '0 ml. portioi
dried and cone en trated a i • ( < I .86 g. (>95 eld)
of a yellow oil. 1 I iosp?~> , :>id er h;
gave 0.28 g. of a white sc ' 0.^8 g. j*. a \. Lot oil. The solid was
Ld( i I by tti n.m.r. spectrum . nyDacetop
duced Erom h« m< trad (page 51) and run
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(page 61) spectra of the desired yellow oil were recorded. This product was
used directly in the next reaction.
Reduction of endo-Bicyclo^. 2 .0 jhex-2-yl Methylsulfinylmethyl Ketone . A
22procedure patterned after that of Corey and Chaykovsky was used for this
reaction.
L. Aluminum Amalgam . Aluminum foil (0.83 g., 31.0 mmole) was rinsed
with absolute alcohol and anhydrous ether , immersed in concentrated mer-
curic chloride solution for 4.5 seconds, rinsed with absolute alcohol and
anhydrous ether, and used immediately in the following reaction.
2. Formation of Bicycior2.2.0lhex-2-yl Methyl Ketone . The aluminum
amalgam prepared above was added., in small pieces, to endo-bicyclo[ 2.2.0]
-
hex-2-yl methylsulfinylmethyl ketone (0.58 g., 3.0 mmole) in 36 ml. of 90%
aqueous tetrahydrofuran. The reaction mixture was stirred at reflux for 2
hours, cooled, filtered from the solid residue., and concentrated by distilla-
tion of the solvent through a 30 cm. Vigreux column. The concentrated
product mixture was added to 250 ml. of ether, dried over magnesium sulfate,
concent ra ted , and distilled through a short path column (27 /0.05 mm.) to
yield 0.20 g. (85%) of a clear, colorless liquid. This mixture was analyzed
by g.c. on a 6' x V Carbowax 20M column (20% on Chromosorb W) at a tempera-
ture of 125 o The flow rate was 60 ml. /minute, the detector temperature
was 252 9 and the injection port temperature was 224 . One major peak was
observed at 2.55 minutes. The infrared (page 51) and n.m.r. (page 63)
spectra of this material collected from the g.c. was recorded. Integration
of the n.m.r. spectrum ga e a ratio of 62:38, exo ~ to endo_-*bicyclo[2. 2 .0]-
hex-2-yl methyl ketone.
exe-Bicy^ ~:or2.2.0"|hex-2-y- Acetate . This compound was prepared by the
procedure used above for :he formation of cyclohexyi acetate. The mixture
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of exc - and endo-bicyclcf 2 . 2 . Ol hex-2-v 1 methyl ketone (0.19 g., 1.5 mmole)
prepared above, was added to 0.37 g. (2.1 mmoie) of 80% m-chloroperbenzoic
acid in 2.8 ml. of methylene chloride. The reaction mixture, after stirring
at room temperature for 3 days, yielded 0.19 g. (89%) of a clear, colorless
liquid. This Liquid was analyzed by g.c. on a 7%' x k" Carbowax 20M column
(20% on Chromosorb W) at a starting temperature of 125 and changed to 135
at 5.5 minutes. Two major peaks were observed at. 7.0 ani 7.85 minutes.
The collected peak at 7.0 minutes (91% of the product mixture) was iden-
tified as pure exo-bicyclo[2 . 2.0]hex-2-yl acetate by comparison with the
6 i
published n.m.r. spectrum of McDo.~c.ld and Reineke . The peak at 7-85
minutes was identified as a mixture of c_is_-bicycIo[3. 1 ,0]hex-2-yl acetate
(9%), 3-cyclohexenyl acetate (less than 1%), and the starting ketones, by
n.m.r. spectral comparison" with authentic samples. No endo -bicvc lo-
[2 2,o]hex-?- T ] ace a e could be observed.
endo-Bic yclo[ 2 . ? | hexane -2 -ca^boxv ir Arid . The me' hod of Wiberg and
L1A r ,Hess wa c ^ol'owed to prepare this compound. Methyl endo -bic vclo| 2.2.0}-
hexane-2 -carbox- a (.0 2 g. , 1.4 mmole) and solid potassium b\di~oxide
(0 ! I & 2.0 mmoie) wi i ombined Ln 0.9 r~' . of dr\ methanol and refluxed
'or 2.3 hour<- T^e resu ting reaction mixture was added to 1.5 ml. of
water (0 ) washer) wi r h three ,5 ml. portions ,. ant acidified with
dilute hydrochloric acid d-d extra ted with foui ! dd ;.ons of pentane.
Thi c extract wet? dried; concentrated at reduced press and distilled
• hrnugh a 'br; Prl . > l .; 005 mm.) to yield 0.16 g (91%) of a
deal colorlesi Lqu ' Chi nfrared (paj : ' ' ; . o ^ )
c pec t • a w< re ru ord< d
A small
]
hi 8 acid wa ea ed with dia; i <
•I" corresponding me hy] ''• rum oi this compo
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agreed with that of the starting endo isomer.
endo-Bicyclo[ 2 . 2.0~jhexane~2-carbonyl Chloride . This compound was prepared
by the method used above in the formation of cyclohexanecarbonyl chloride.
e_ndo-Bicyclo[2.2.0]hexane-2--carboxylic acid (0.17 g. , 1.4 mmole) , thionyl
chloride (0.8 g., 6.8 mmole) s and 1 drop of dimethylformamide were combined
to give 0.17 g. (88% yield) of the desired clear, colorless liquid. This
compound was used directly in the next reaction.
A small portion of the acid chloride was hydrolyzed with water and the
infrared spectrum of the resulting acid agreed with that of the starting
endo isomer.
ep.do-Bicycior 2.2. .0"lhex-2.-vl Methyl Ketone . This compound was prepared by
the procedure used above in the formation of acetylcyclohexane from cyclo-
hexanecarbonyl chloride. endo-BicvcIo[2.2.0]hexane-2-carbonyl chloride
(0.L7 g. ? 1.2 mmole) was combined with 25 ml. of dimethyl cadmium-benzene
solution (prepared above) co yield 55 mg. , 38% of a clear 3 colorless
liquid. This product, was analyzed by g.c. on a 7%' x i" Carbowax 20M
o
column (20% on Chromosorb W) a; a starting temperature of 125 and raised
co 135 a' 7 minute?. The flow rat« was 60 ml. /minute, the detector
c o
temperature was 2+0
,
and the injection port temperature was 222 . One
major p^ak was observed at 8.25 minutes. The infrared spectrum was iden-
tical with that recorded earlier (page 51) and the n.m.r. spectrum (page
63) was recorded. Integration of the n.m.r. speccrum gave a 71:29 rar.io of
endo - and exo-bicyclo[ 2 . 2 .0]hex-2-> 1 methyl ketone.
Anal . Calcd. for C H, 0: C 77.38 H 9 9.74.8 12
Found: C
, 77.64 H, 9.81.
endo-Bic vr
1
of2. 2 0lb^K-?-\ 1 Acetate . This compound was prepared by the
procedure used abo^/e for rbe formation of cyclchexyi. acetate. The mixture
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of endo - and exo-bicyclc[2. 2.0]hex-2~y 1 methyl ketone (47 mg. , 0.4 mmole),
prepared above, was added no 0.214 g. (1.2 mmole) of 80% m-chloroperbenzoic
acid in 1.6 ml. of methylene ch_oride. The reaction mixture, after stir-
ring at room temperature for 3 days., yielded 48 mg. (90%) of a clear 5
colorless liquid. This liquid was analyzed by g.c. . on a 6' x V Carbowax
20M column (20% on Chromosorb W) at a temperature of 100 . The flow rate
was 150 ml. /minute, the detector temperature was 240 , and the injection
port temperature was 210 . Two major peaks were observed at 8.2 and 9.5
minutes. The collected peak at 8.2 minutes (77%) was identified by its
n.m.r. spectrum (page. 63) as a mixture of two products. Integration of the
spectrum gave a 54:46 ratio of endo - and exo_-bicyclo[2. 2.0]hex-2-yl
acetate. The second collected peak (23%) was identified by its n.m.r.
spectrum (page 67) as a 74-26 mixture of cis.-bicyclo[3 . 1 .0]hex-2-yl acetate
and 3-cyclohexenyl acetate by comparison with authentic samples. The
product distribution for the reaction was then - 42, 35, 17, and 6%
respectively.
T he mixture of endc - and exo -bics : :c\ 2. 2,0~|hex~2-yl acetate was
stored in carbon tetrachloride solution for 21 days at -26 . G.c, analysis
of this mixture on a 6 x V Carbowax 20M column (20% on Chromosorb W) at a
tempera cure of 135° ? ho wed two major peak* at 5.65 (58%) and 6.1 (42%)
minutes. The flow rate was 60 ml. /minute, the detector temperature was
23'
,
and :he - poi temperature was 21 i . Integration of the
' spectrum gave a distribution of 22 46, 25, and 7% respectively,
inding another 25 d !b in methylene chloride the
spectrum integrated for a distribution of 14, 46 31 and 9%,
respt ctivi
3-Cb lo^ocyclopen'rene
. This compound was prepared by the method of MoJ
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from 30.2 g. (0.457 mole) of cyclopentadiene to give 41,9 g. ro0% yield)
of crude product, which was used immediately in the next reaction. The
infrared spectrum showed absorptions at 3.35(w), 3.45(sh), 3.49(s),
3.60(m), 6„20(w) 3 6.90(w), 7.00(w), 7.40(s), 7.70(w), 8.J5(s), 9.90(s),
10.23(m), 11.05(s), 12.05(w), 12.70(w), and 13,5(s) ji.
32-Cvclopentenol . The procedure of Alder and Flock was followed to prepare
this compound from 44.4 g. of crude 3-chlorocyclopentene . Distillation of
the crude product mixture through a 30 cm. Vigreux column gave three
fractions. The middle fraction, 12.55 g. s b.p. 53 /12 mm,, n 1.4704
(lit. b.p, 52 /12 mm., n 1.4717) 9 was used for further work. The infra-
red spectrum showed absorptions at 3.09(s), 3.34(w), 3.44(sh), 3„49(m) 3
3.56(sh), 6„89(w), 7.38(m), 7.59(w), 8,66'w), 9.03(m), 9.59(s), 10.34(m),
10.94(w), U.44(w), and 13.69(m) u. The third fraction, 7.36 g. , b.p. 44°/
29
6 mm., n 1.4838
s was identified by its n.m.r. spectrum as di (cyciopent-2-
enyl) ether. It showed absorptions as multiplets centered at Y 4.2 and
5.4, and continuous absorption from Y7.24 to 8.62.
cis-Bicyclo^ . 1 .0~|hexan-2-ol . The method of Corey and Dawson '" was fol-
lowed to prepare this compound from 15.8 g. (0.188 mole) of 2™cyciopentenoi
,
84.8 g. (0.316 mole) of methylene iodide, and 30.7 g. (0.474 mole) of zinc-
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copper couple . The product was distilled through a 30 cm. Vigreux column
to give 11.66 g. (63% yield), b.p. 58-48°/7-4 mm,, n 28 "V4782 (lit, 21 60%
yield, b.p 60-61 /10 mm.). The refractive index reported by Dauben and
27 25
Berezin was n 1.4742. G.c. analysis on a 6" x V B ;p -oxydipropionitrile
column (10% on Chromosorb W) a* 100 gave two peaks. The flow rate was 120
ml. /minute, the detector temperature was 30^»
.,
and the injection port
temperature was 285 . The. first collected peak (6 6 minutes ;1 87%) was
identified as the desired product. The second collected peak (7.6 minutes.
91
13%), when compared by n.m.r. spectral and g.c. retention times to an
ft 1
authentic sample , was found to be 3-cyclohexenol. The first peak trailed
under the second, giving rise to a higher value for the latter than was
actually present. The infrared (page 53) and n.m.r., (page 65) spectra were
21
in agreement with those previously reported . Integration of the n.m.r.
spectrum indicated that the 3-cyclohexenol was only 6% of the product mix-
ture.
cis-Bicvclor3 . 1. .0"lhex-2-y L Acetate . This acetate was prepared by the method
39
of Freeman, Grostic, and Raymond ' from the crude cis -alcohol obtained
39
above. The product mixture obtained in 94% yield (lit. 50% yield) was
analyzed by g.c. on a 6 s x V Carbowax 20M column at 125 . The flow rate
was 60 ml. /minute, the detector temperature was 237 s and the injection
port temperature was 211 . Two major pe^ks were observed at 7.65 and 8.35
minutes. The first peak (6%) was identified as 3-cyclohexenyl acetate by
n.m.r. spectral and g.c. retention time comparisons with an authentic
sample . The second peak (94%) was :he desired product. The infrared
39
spectrum (page 53) agreed with that previously reported , and the n.m.r
spectrum (page 67) was recorded.
Bicyc lo[ 3 I. . o] hexan- 2 -one This compound was prepared by a modification of
30the method of Dauben and Berezin A solucion of 13.5 g. (0.133 mole) of
chromic anhydride in 20 ml. of distilled water was added, with cooling,
over a period of 20 minute?, to a mixture of 5.0 g. (51 mmole) of cis -
bi( yclo[3 . 1 0]hexan-2-ol (prepared above) in 20 ml of e r her. The result-
ing mix'ure was Btirred a: room temperature for 4 hours and worked-up by
sep i ig the layers, and extracting r he aqueous layer with two 20 ml.
porl ons ethei 'he et ht i Erections were washed wi t h three 15 ml. por-
i
•
•- unrated sodium bicarbonate Lon, two 20 ml. portions of
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saturated sodium chloride solution, dried, concentrated a; reduced pressure
.
and distilled through a short path column (27 /0.05 mm.). The Light yellow
liquid (2.44 g._, 50% yield) was analyzed by g.c. on a 6" x V Carbowax 20M
column (20% on Chromosorb W) at a temperature of 110 . The t low race was
60 ml. /minute, the detector temperature was 306
,
and the injection port
temperature was 289 . One major peak was observed at 5.0 minutes. The
infrared (page 51) and n.m.r. (page 65 "> spectra were recorded.
trans-EicyclofS .1,0 |hexan-2-ol . This compound was prepared by the method
of Winstein, Friedrich, Baker, and Lin ' . The bic\clo[3 . 1 .0]hexan-2-cne
(2.4 g., 25.0 mmole), prepared above, was reduced with 14.8 g. (72.5
mmole) of freshly sublimed aluminum isopropoxide in 74 ml, of dry isopropyl
alcohol by stirring at reflux for 18 hours. The reaction mixture was
cooled to room temperature , 100 ml. of water added, neutralized with con-
centrated hydrochloric acid and extracted with five 30 ml, portions of
pentane. The pentane solution was washed with 40 ml. of saturated sodium
chloride solution, dried, concentrated, and distilled through a short path
column (50°/0.005 mm.). The light yellow liquid (1.3 g. , 53% yield) was
analyzed by g.c. on a 6' x V ft $'' -oxydipropionitrile column (10% on
Chromosorb W) at a temperature of 100 , The flow race was 120 ml. /minute,
the detector temperature was 30^ and the injection port temperature was
285°. Three major peaks were observed at 2.2 (33%), 7.3 (48%), and 8.3
(19%) minutes. The first peak was found to be unreacted bicyclo[3 . 1 .0]
hexan-2-one by comparison of its infrared spectrum with the starting
material. The second and third peaks were trans - and cis—bicyclo[3 . 1.0]-
hexan-2-ol present in the ratio of 72:28. respectively. The third peak was
identified by n.m.r, spectral and g.c. retention time comparisons with the
sample prepared abov/e Trailing of the second into the third peak was
93
observed, which would decrease the relative amount of the trans -alcohol
.
The infrared (page 53) and n.m.r. (page 65) spectra of the collected second
39
peak agreed with that previously reported
trans-BicycloFS . 1 .0"lhex-2-vl Acetate . This compound was prepared by the
39 r _
method previously described in 65% yield from crude trans -bicyclol 3.1.0] —
hexan-2-ol. The product mixture was analyzed by g.c, on a ?V x V Carbo-
wax 20M column (20% on Crromosorb W) at a temperature of 135 . The flow
rate was 60 ml. /minute, the detector temperature was 237 , and the injec-
tion port temperature was 215 . One-: major peak appeared at 6.3 minutes,
and its infrared (.page 55) and n.m.r. (page 67) spectra were recorded.
Integration of the n.m.r. spectrum indicated that 3-cyclohexeny 1 acetate
was present in a trace amount, and c_i_s_-bicyc!o[3 . 1 .0]hex-2-yi acetate (12%)
was present along wi r h 'he deseed product.
Stability of Various acetates to m-Chlorobenzoic Acid in Methylene Chloride .
The acetate (36 rr.g . ) was stirred at room Temperature for three days in the
presence of m-chlorobenzcic acid (100 mg.) and 1 ml . of methylene chloride.
The reaction mixture was added to 30 ml. o + ether, washed with three 15 ml.
portion^ of saturated sodium bicarbonate and 15 ml. of saturated sodium
cMo v ide, dried, , op<- en' rated at reduced pressure, and distilled through a
short path column (2 7 '0 05 mm ). The product was analyzed by g.c. on a 6 !
x V Car bowax 20M (o'umn (20% on Chromosorb W) at 125 . The flow rate was
60 ml. /minute, the dete< temperature was 238 . and the injection port
tern was 212 . The Era red urn was compared with that of the
' ing acetate Lng resu I « s were obtained.
With .. i :- -Hi
.
v.i lo[ 3 . 1 .')]hex I -\ 1 Acetate . A single peak was
observed ar 8 35 minutes and 1 1 . Lnfrared Bpectrum was Ldi 1 1 with t hat
of the starting ac< tat No rearrangement had taken place under
94
conditions
,
2. With tranS"Bicvclor3, 1 .0"lhex-2-yl Acetate . No change could be
observed by either g.c. analysis or infrared spectral comparisons,
3, With 3-Cyclohexenyl Acetate . A single peak was observed at 7.7
minutes and, the infrared spectrum was the same as the starting acetate. No
rearrangement had taken place under these conditions.
Irradiation of Dimethyl Cyclohexa-1 ,3-diene-l , 4-dicarboxylate . A proce-
dure patterned after that of Prinzbach, Hagemann, Hartenstein, and
Kitzing '" was used for this reaction. A solution of the diene (0.5 g.)
in 600 ml, of anhydrous ether was photolyzed at room temperature under a
nitrogen atmosphere using various mercury vapor lamps which were generally
immersed in the solution in a water cooled quartz well. The solution was
stirred magnetically until the ultraviolet absorption of the starting
diene at 304 mu diminished to a constant value. The reaction mixture was
concentrated at reduced pressure and the n.m.r. spectrum of the resulting
yellow oil recorded, The results of the various runs are listed in Table
1. The n.m.r. spectrum of the product obtained in runs 7 and 8 agreed with
that previously published
Methyl Cyclohexa-1 ^ 3-diene-l-carboxy late . The crude acid prepared in 50%
47
yield by the method of Hunig and Kahanek ' was treated with diazomethane in
anhydrous ether. The clear, colorless product (b.p, 54 /2.1 mm.) was
obtained in 24% yield. The infrared spectrum showed absorptions at 3.31(w),
3.42(w), 3.55(w), 5.85(s), 6.1(w), 6.35(w), 6.96(m), 7.16(w), 7.29iw),
7,53^w), 7.69(m), ->.86(s), 8.13(s), 8.40(w), 8.55(w), 9.0(sh), 9.15(s),
9.42(m), 10.0(w), 10.6(w), li.4(w), 12.26(w), 12.36(w), 12.98(w), 13.22(w),
L4.0(sh), and I4„35(s) u.
TABLE 1
IRRADIATION SOURCES FOR PHOTOLYSIS OF DIMETHYL
CYCLOHEXA-1
.
3
-DIENE-1 . 4-DICARBOXYLATE
.
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Run # Lamp Filter
Reac tion
Time
(hours)
Product
1 Hanovia Vycor 4.7
450 watt
Type L
2 ii Co rex 100
3 ii Py rex 15.0
4 GE-AH4 none 6
5 Hanovia
utility
lamp
100 watL
none 35
6 ii Pyrex
7 Hanovia
200 watt
Type S
none 7
8 Hanovia
450 watt
Type L
none 12
decomposi tion
No Reaction
dimethyl bicyclo-
[3. L.0]hex-2-ene-
1 5-dicarboxylate
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Several methods of preparing simply substituted endo-bicyclo[ 2 . 2 .0]
-
hexane derivatives have been investigated. A cycloaddition reaction
between cis -3 ,4-dichlorocyclobutene ( 101 ) and dichloroketene failed to
give the anticipated bicyclo[2. 2 .0]hexanone.
Cyclobutadieneiron tricarbonyl (24) could not be prepared by the
published procedure, buc by forcing the reaction and adjusting conditions,
a consistent 48% yield was obtained. 2-Butenone was completely unstable to
the reaction conditions necessary for decomposing 24 to generate cyclo-
butadiene. Vinyl acetate failed to react with cyclobutadiene, but methyl
acrylate gave 3% of methyl endo -bic yclof 2 . 2 .0]hex-5-ene-2-carboxy late ( 108 )
in the analogous reaction.
Although several acetylenic compounds have been reported to react with
cyclobutadiene, 2-butynone ( 1 99 ) was not among those listed. This reaction
proceeded to give bicyc:lo[ 2 ,
2
, 0]hexa~2 5-dien-2-yl methyl ketone ( 1 10 ) and
acetophenone ( 111 ) in 27% yie_d, Attempted diimide reduction of 110
resulted in complete destruction of the "Dewar benzene".
Methyl bicyc lo[ 2 . 2 .0]hexa -2 , 5-diene-2 -carboxy late ( 1 14 ) was prepared
by a known sequence of reactions. Diimide reduction proceeded in 93% yield
*o produce methyl endo-bicyc Lo[ 2 . 2 .0]hexane-2-carboxy late ( 1 1 6 ) . Este* >. \6
was found to be stable to basi - juilibration attempts, but acid equilibra-
tion gave methyl exo -bic yclof 2
.
I .0] hexane -2 -carboxy late ( 117 )
.
The reaction of methylsu Einyl ca^banion with crude 1 16 followed by-
reduction produced a 38-62 mixture of endo - ( 112 ) and exo-bicyclof 2 . 2 .0]hex-
2-yl methyl ketone ( 123 ) . Bac 'lliger reaction of ketones 1 12 and 1 IS
e three products. T 1 lined 91% of exo-bicyclo[2 . 2 .0]b.t -
2-yl acetate (7c). l ) oi c i s
-
bicvc lo f 3 . 1 . 0") hex-2-v 1 acetate ( 124 ) , and U
than 1% of 3-c\ \enyl act I lt< (£) No . ndo -bi ivc 'of 2 . 2 .0"lhex-J-\ 1
acetate could be detected in the product mixture.
A second pathway to the desired compounds began with endo-ester 116
which was saponified to endo-acid 129 , and 129 was converted to endo -
bicyclo[2.2.0]hexane-2-carbonyl chloride ( 130 ) . Reaction of 130 with
dimethyl cadmium produced a 71:29 mixture of ketones 112 and 123 in low
yield. Baeyer-VilLiger oxidation of this ketone mixture gave four products,
The mixture contained 42% of endo-bicyclo[2.2.0]hex-2-yl acetate ( 131 ), 35%
of 7c, 17% of 124, and 6% of 8.
o
After standing at -26 for 21 days in carbon tetrachloride, the 54:46
mixture of endo - and exo-acstats ( 131 . 7c ) had changed to 22% of 13_i, 46%
of 7c, 25% of 124 , and 7% of 8. After another 25 days in methylene
chloride, the product distributien was 14% cf 131 . 46% of 7c, 31% of 124,
and 9% of 8. The products of the rearrangement 124 , 8 and trans -bicyclo-
[3.i.0]hex-2-yl acetate ( 140b ) were subjected to the Baeyer-Villiger reac-
tion conditions and found to be stable. Therefore, the rearrangement
products arose directly from 131 . The rearrangement of endo-acetate 131 is
rationalized as a concerted process.
